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1 | INTRODUCTION

Teeth have played a major part in the evolution of vertebrates.
Their preservation across the geologic timescale lends itself to the
durability of enamel and dentine. Fossil records credit the jawless
fish, or agnathans, with the first appearance of tooth-like struc-
tures on the posterior pharynx approximately 500 million years ago.
Subsequently, the evolution of jaws with superimposed teeth helped
the gnathostomes, or the jawed vertebrates, achieve evolutionary
success (Smith & Coates, 1998).

The dentition of most fish, reptiles, and amphibians contains a
vast number of teeth (polyodonty) of similar morphology (homo-
donty) that are continuously replaced (polyphodonty). Furthermore,
those teeth lack a dental root canal and are directly attached to
bone via fibrous tissue. Moving up the evolutionary pathway from
fish to reptiles to mammals, a decrease in number (oligodonty) and
generations (e.g., diphyodonty in humans; monophyodonty in rats)
of teeth is observed. Moreover, an ever-increasing change in mam-
malian dietary habits necessitated an increase in the morphological
complexity of teeth (heterodonty). Some organisms, most notably
turtles, birds, and anteaters, have lost their dentition (anodontia)

altogether despite developmental studies highlighting the presence

Many genodermatoses exhibit abnormal teeth findings. Studies examining these en-
tities are scarce and narrow in their scope. This paper reviews the evolution, develop-
ment, and structure of the tooth and provides a summary of genodermatoses with
aberrant dental findings. The latter are classified according to the abnormal dental
findings: periodontal disease, anodontia/oligodontia/hypodontia, polydontia, enamel
hypoplasia, natal teeth, dental pits, and others. Finally, we provide an algorithm that

dermatologists and dentists can follow to better recognize genodermatoses with

dental, dermatology, genetics, genodermatoses, teeth

of embryonal tooth germs that undergo apoptosis prior to birth
(Koussoulakou, Margaritis, & Koussoulakos, 2009).

2 | EMBRYOLOGY OF THE TOOTH

Odontogenesis is the process by which the teeth form. Humans are
diphyodonts, meaning that they develop two sets of teeth. The first
set is composed of 20 baby teeth (also called primary, deciduous, or
milk teeth) and begins to form between the sixth and eighth week
of prenatal development. The second set is made up of 32 perma-
nent teeth (also called adult or succedaneous teeth) which begin
development at the twentieth week. Each tooth is derived from the
ectoderm of the first pharyngeal arch and the ectomesenchyme of
the neural crest (Zohrabian, Poon, & Abrahams, 2015). Initiation of
tooth development begins with thickening of the oral epithelium.
This is followed by the bud stage where the thickened cells prolifer-
ate forming a dental lamina that invaginates into the mesenchyme.
Meanwhile, mesenchymal cells underneath the epithelial bud give
rise to the dental papilla. During the cap stage, the epithelial bud
grows surrounding the dental papilla, the primary enamel knot

(which regulates the shape of the teeth) forms, and mesenchymal
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cells give rise to the dental follicle. The latter later forms the cemen-
tum, periodontal ligament, and alveolar bone which are responsible
for tooth anchoring. During the bell stage, secondary enamel knots
form and determine the location of the tooth cusps. Tooth-specific
cell types, such as the ameloblasts and odontoblasts, begin to dif-
ferentiate. Ameloblasts secrete the enamel matrix which later min-
eralizes. Odontoblasts produce dentin matrix (Jheon, Seidel, Biehs,
& Klein, 2013).

3 | STRUCTURE OF THE TOOTH

The adult tooth possesses two major anatomical parts: the crown and
the root. The crown is the visible part and is covered by a hard outer
layer called enamel. The latter is the hardest substance in the body
and consists mainly of hydroxyapatite. Dentin is found underneath
the enamel and is not as resilient. The dental pulp is the soft tissue
containing the blood and nerve supply of the tooth. Cementum is the
outer layer covering the root and is not as hard as enamel (Figure 1;
Jheon et al., 2013).

4 | MOLECULAR PATHWAYS IN TOOTH
DEVELOPMENT

Pathways involving bone morphogenetic protein (BMP), fibroblast
growth factor (FGF), sonic hedgehog protein (Shh), and Wnt ligands
and their receptors are the major determinants of tooth develop-
ment and will be discussed in this section. Mutations involving these
pathways and other pathways result in syndromic and non-syndro-
mic hereditary teeth disorders. Table 1 and Figure 2 provide a sum-
mary of selected genodermatoses with dental abnormalities.

4.1 | Bone morphogenetic protein

Bone Morphogenetic Proteins are proteins that belong to the trans-
forming growth factor-g (TGF-) superfamily of proteins. They were
initially discovered for their ability to induce bone and cartilage
formation, but they also play major roles during embryonic devel-
opment and regulate several functions in the adult, including the
maintenance of joint integrity, the initiation of fracture repair, and
vascular remodeling. There are two BMP signaling pathways: the
canonical and non-canonical pathways. In the canonical pathway,
BMPs bind to a dimer of type | receptors and a dimer of type Il re-
ceptors forming a heterotetrameric complex. Type Il receptors then
phosphorylate type | receptors. The latter become activated and
phosphorylate downstream proteins known as the receptor-regu-
lated Smads (R-Smads) which translocate to the nucleus to initiate
the transcription of target genes. There are various non-canonical
pathways which are Smad-independent (Wang et al., 2014).

Bone Morphogenetic Proteins, in particular BMP4, are crucial

during several steps of odontogenesis. During the initiation stage,
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teeth formation. The transition from the bud to the cap stage and
induction of the enamel knot depend on the regulation of Shh ex-
pression by mesenchymal BMP4. BMP is therefore an important reg-
ulator of tooth shape. It is also involved in the formation of the root

and of the tooth-specific cell types (Jheon et al., 2013).

4.2 | Fibroblast growth factor

Fibroblast growth factors are a family of proteins that regulate the
development of both vertebrates and invertebrates. Therefore, any
disruption in their function leads to a range of developmental de-
fects. FGFs also control several cellular processes in the adult includ-
ing tissue repair and regeneration, and aberrant signaling results in
metabolic disorders and cancer. FGFs bind to the fibroblast growth
factor receptors (FGFRs), leading to receptor dimerization. The re-
ceptors then phosphorylate each other via their kinase domains and
interact with adaptor proteins. This results in the activation of four
key downstream pathways: Ras/Raf/MAPK, PI3K-AKT/mTOR, signal
transducer and activator of transcription (STAT), and phospholipase
Cy (PLCy; Ornitz & Itoh, 2015).

FGF8 and FGF9 are expressed early during odontogenesis. FGF8
is required for cell survival and patterning of the first branchial arch.
The inactivation of this molecule leads to defects in several struc-
tures including the teeth and the jaw. Mice lacking the Illb isoform
of FGFR2 had defective tooth development that failed to progress
beyond the bud stage. FGFs 3, 4, 9, and 10 are also thought to be
involved in odontogenesis, and the inactivation of certain FGF in-
hibitors leads to supernumerary teeth or ectopic enamel formation
(Jheon et al., 2013).

4.3 | Sonic hedgehog protein

The hedgehog (hh) signaling pathway is crucial during vertebrate de-
velopment, organogenesis, and regeneration. It also plays a major
role in several types of tumors. There are three mammalian Hh pro-
teins: Shh, Indian hedgehog (lhh), and desert hedgehog (Dhh). The
Shh pathway can be activated through the canonical and non-canon-
ical pathways. In the canonical pathway, Shh binds to the 12-trans-
membrane protein patched (Ptch), leading to its inactivation. This
will relieve the inhibition that Ptch exerts on the 7-transmembrane
protein smoothened (Smo). The latter will then accumulate and ini-
tiate a signaling cascade that leads to the activation of Gli family
proteins. Gli will then translocate into the nucleus and initiate the
transcription of target genes. The “non-canonical Shh signaling” is
independent of Gli and regulates cell proliferation, survival, and mi-
gration (Carballo, Honorato, Lopes, & Spohr, 2018).

The expression of Shh is upregulated during the initiation stage
of tooth formation, downregulated at the end of the bud stage,
and then increases again in the enamel knot and throughout ame-

loblast differentiation. Shh is thought to stimulate the proliferation
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FIGURE 1 Structure of the tooth.
The tooth possesses two major parts:
the crown and the root. The crown is

Enamel

Crown

1 Dentin
covered by enamel. Below the enamel is

dentin. The dental pulp is the soft tissue
containing the blood and nerve supply.
Cementum is the outer layer covering
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of epithelial and mesenchymal tissues during odontogenesis. It also
regulates tooth separation, size, morphology, and cellular organiza-
tion (Jheon et al., 2013). Mutations in PTCH1 gene result in Gorlin
syndrome which is characterized by multiple basal cell carcinomas
as well as several dental anomalies (Table 1; Manfredi, Vescovi,
Bonanini, & Porter, 2004).

4.4 | Wnt

The Wnt pathway is a highly conserved pathways that regulates sev-
eral crucial cellular processes including cell proliferation, differen-
tiation, and migration. It involves at least nineteen proteins and is
divided into the canonical (p-catenin-dependent) and non-canonical
(B-catenin-independent) pathways. For signal transduction, Wnt
proteins bind to the receptor Frizzled (Fz) and its coreceptors, such
as the low-density lipoprotein-related protein 5/6 (LRP5/6), leading
to the activation of the cytoplasmic protein disheveled (Dsh). The
signaling cascade then branches into the canonical and non-canon-
ical pathways. The non-canonical pathway can be divided into the
planar cell polarity pathway and Wnt/Ca2+ pathway. The canonical
pathway involves the cytoplasmic protein p-catenin. The latter is
usually degraded by the p-catenin destruction complex which sev-
eral proteins like axin, adenomatous polyposis coli (APC), and protein
phosphatase 2A (PP2A). Binding of Wnt to Fzd and LRP 5/6 leads
to the dissociation of the p-catenin destruction complex, allowing
fB-catenin to translocate to the nucleus and regulate gene transcrip-
tion (Komiya & Habas, 2008).

The Wnt pathway plays a role during all stages of tooth devel-
opment with multiple ligands, receptors, inhibitors, and key signal
transducers being expressed throughout the dental tissue. The

exact mechanism of action is still unknown. Over-activation leads to

ond bloed
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misshapen and ectopic teeth, while under-activation results in an ar-
rest in tooth development (Liu et al., 2008). Schépf-Schulz-Passarge
is due to mutations in the Wnt10A gene and is characterized by
hypodontia, palmoplantar keratoderma, and eyelid hidrocystomas
among other features (Table 1; Manchanda, Anthonappa, Al-Mulla,
& King, 2017).

5 | TOOTH REGENERATION

Teeth generation is triggered by the epithelial-mesenchymal inter-
actions that occur during embryogenesis. Central to this process are
several stem cell populations that form niches in the tooth. The epi-
thelial stem cell niche, also known as the cervical loop, is recognized
as the most morphologically distinctive. These cells are derived from
Sox2+ cells of the competent dental epithelium and are themselves
the precursors of ameloblasts (Balic, 2018). The FAK-YAP-mTOR
signaling pathway was found to coordinate stem cell expansion and
their differentiation toward the ameloblast lineage (Hu et al., 2017).
Root formation and subsequent tooth eruption signal the loss of the
epithelial stem cells followed by the demise of the epithelial com-
partment including the ameloblasts. Animal models have implicated
the loss of Fgfl0 as the molecular switch responsible for the loss
of the tooth epithelial stem cell and the initiation of root formation
(Yokohama-Tamaki et al., 2006).

While enamel destruction is irreversible due to the loss of
ameloblasts prenatally, dentin owes its continuous physiologic
and reactive deposition in human teeth to the presence of mes-
enchymal stem cells in the postnatal tooth. Unlike epithelial stem
cells, tooth mesenchymal stem cells are derived from neural crest
cells and form niches that are not morphologically distinguishable
(Balic, 2018).
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with dental
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FIGURE 2 Clinical diagnostic approach to genodermatoses with dental involvement [Colour figure can be viewed at wileyonlinelibrary.

com]

By recombining epithelial and mesenchymal cells and transplant-
ing the resultant tooth germ into the jaw of a postnatal mouse, Nakao
et al. (2007) managed to generate a fully developed tooth. While the
Nakao method led to a breakthrough in the field, its translation into
humans is not applicable due to practical, ethical, and legal consider-

ations regarding the cultivation of cells from human embryonic tooth

become a potential a

germs (Balic, 2018). Despite successful creation of dental mesenchyme
from mouse-induced pluripotent stem cells (iPSCs; Otsu et al., 2011),
competent dental epithelium production has not yet been achieved.
As the cellular and molecular interactions involved in in vivo tooth

development become elucidated with further research, iPSCs can

pplication for future dental regenerative efforts.
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FIGURE 3 Papillon-leFevre. This
patient presented with (a) periodontitis,
(b) psoriasis-like plaques on her elbows,
and (c) palmoplantar keratoderma [Colour
figure can be viewed at wileyonlinelibrary.
com|]

FIGURE 4 Incontinentia pigmenti. This
patient presented with (a) hypodontia,
peg-shaped teeth, and (b) hyperpigmented
patches following the lines of Blaschko
[Colour figure can be viewed at
wileyonlinelibrary.com]

6 | DISCUSSION AND CONCLUSION

In this review, we have summarized several genodermatoses affect-
ing the teeth. In Figure 2, we provide an algorithm each dentist and
dermatologist can refer to when evaluating patients with skin and
teeth findings and a suspected hereditary disorder. First, the medical
specialist needs to assess the type of dental abnormality: periodon-
tal disease, anodontia/oligodontia/hypodontia, polydontia, enamel
hypoplasia, natal teeth, dental pits, or others. Then, the associated
cutaneous and systemic features are evaluated to aid in making the
final diagnosis. For instance, a patient presenting with periodontitis,
psoriasis-like lesions, and palmoplantar keratoderma is likely to have
Papillon-Lefevre (Figure 3; Fantasia, 2014). Haim-Munk disease is
similar to Papillon-Lefevre with the additional features of atrophic
nail changes and acro-osteolysis (Fantasia, 2014). Ehlers-Danlos is
also characterized by periodontitis with the additional features of
skin hyperextensibility and joint hypermobility. Hypodontia, peg-
shaped teeth, and skin lesions following the lines of Blaschko are
seen in incontinentia pigmenti (Figure 4; Mitakides & Tinkle, 2017).
Hypodontia and peg-shaped teeth are also a feature of anhidrotic
ectodermal dysplasia which is also characterized by hypo/anhidrosis
(Figure 5; Hekmatfar, Jafari, Meshki, & Badakhsh, 2012). Anodontia,
conical and missing teeth, and short beaded hair are features of
monilethrix (Vora, Anjaneyan, & Mehta, 2014). On the other hand,
Gardner syndrome is characterized by polydontia, colon polyps,
and an increased risk of colon cancer (Pereira et al., 2016). Enamel
hypoplasia and dental caries are common in epidermolysis bullosa
patients who also suffer from easy blistering of the skin and mucous
membranes following minor trauma (Figure 6; Wright, 2010). Natal
teeth are seen in pachyonychia congenita. This disease also features
steatocystomas, palmoplantar keratoderma, and dystrophic nails

(Eliason, Leachman, Feng, Schwartz, & Hansen, 2012). Tuberous

Leadingin Ora, Marilfacil, Head & Neck Medicine

FIGURE 5 Hypohidrotic ectodermal dysplasia. This patient
presented with hypodontia and peg-shaped teeth in addition to
hypo/anhidrosis [Colour figure can be viewed at wileyonlinelibrary.
com]

sclerosis is characterized by dental enamel pits and various cutane-
ous lesions such as hypomelanotic macules, angiofibromas, and the
shagreen patch. Patients might also suffer from retinal hamartomas,
renal angiomyolipoma, cardiac rhabdomyoma, and lymphangioleio-
myomatosis of the lungs (Sparling, Hong, Brahim, Moss, & Darling,
2007). Oral manifestations of lipoid proteinosis include hyperplasia
or aplasia of the teeth, early loss of teeth, an enlarged tongue with
restricted movement, and yellow papules over oral mucosa. In addi-
tion, carious teeth may result from dryness of the mouth due to the
infiltration of the parotid duct by the hyaline material normally de-
posited in this disease. Other features include facial papulonodules
which resolve with scarring, verrucous plaques over the extremities,

beaded papules over the eyelids, and a hoarse voice (Figure 7; Ravi
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FIGURE 6 Junctional epidermolysis
bullosa. This patient presented with (a)
enamel hypoplasia and dental caries

and (b) mucocutaneous blistering and
ulceration [Colour figure can be viewed at
wileyonlinelibrary.com]

FIGURE 7 Lipoid proteinosis. This patient presented with (a) yellow papules over oral mucosa, (b) beaded papules over the eyelids, and (c)
verrucous plaques over the elbows [Colour figure can be viewed at wileyonlinelibrary.com]

Prakash, Verma, Sumalatha, & Chattopadhyay, 2013; Zaouak, Zribi,
Eleuch, & Mokni, 2015). The characteristic features of the other
genodermatoses with dental involvement are highlighted in Table 1
and Figure 2.

6.1 | Why is this paper important to
pediatric dentists

e Many genodermatoses affect the teeth.
e Early recognition is critical to test for and detect other systemic

findings of these diseases.

This paper provides an algorithm that dentists and dermatol-
ogists can follow to better recognize genodermatoses with dental
involvement.
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