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Abstract 
 

      Ectodermal dysplasias are a wide group of skin diseases characterized by defects in 
appendages of ectodermal origin. Patients with hypohidrotic ectodermal dysplasia, the 
most common type of ectodermal dysplasia, usually present the clinical triad constituted by 
hypodontia, hypotrichosis and hypohidrosis, caused by mutations in genes coding to components 

for tumor necrosis factor (TNF)-like signaling pathway. Lack of genotype-phenotype correlation and 
a broad genetic variability make diagnosis difficult; in order to establish the inheritance pattern and 
to confirm the clinical diagnosis direct sequencing and now next generation sequencing represent 

option for the molecular aspect.  
       Paediatric dentists may be the first specialist to propose the diagnosis, since the observation of 
lack of teeth due to multiple tooth agenesis; in this review authors aim is to highlight clinical and 

molecular aspects of the disease underlining the dental features of the syndrome. 
Review (J Int Dent Med Res 2017; 10(2): pp. 397-400)          
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 Introduction 
 

 EDA gene (MIM#300451) mutations are 
known to cause both X-linked Hypohidrotic 
Ectodermal Dysplasia (XL-HED, MIM#305100), 

and X-linked selective tooth agenesis 
(MIM#313500)1,2,3. 

The term ectodermal dysplasias (EDs) 
indicate a heterogeneous group of inherited, 

developmental disorders that affect several 
tissues of ectodermal origin. EDs are defined as 
alterations in two or more ectodermal structures: 

skin, hair, teeth, nails, and sweat gland function, 
and can be associated with malformations in 
other organs and systems4,5.   

The overall prevalence of EDs syndromes 
is unknown, but appears rare with a presumed 

cumulative frequency of approximately 7/10,0004. 
More than 200 clinically and/or genetically 

distinct EDs have been catalogued and the mode 
of inheritance varies amongst the different 
disorders. The most common form of EDs is 

Hypohidrotic Ectodermal Dysplasia (HED), which 
is characterized by hypodontia, hypotrichosis, 
and partial or total eccrine sweat glands 
abscence. HED is a heterogeneous group 

of inherited disorders and is estimated to affect at 
least 1 in 17,000 people worldwide6.  

The most prevalent form of HED is 

inherited with an X-linked recessive pattern; 
however, autosomal dominant (AD) and 
autosomal recessive (AR) forms of the disorder 

have been described, albeit at a much lower 
frequency7. 

In this review we provided the most recent 
information about HED, establishing the 

molecular mechanism and the most outstanding 
clinical characteristics in patients reported until 
now underlining the dental features, in order to 

make more suitable the patients management. 
  
 

*Corresponding author: 

Dr. Michele Callea 

Mailing address: Unit of Dentistry, Bambino Gesù Children's 

Hospital, IRCCS, Viale San Paolo 15, 00146, Rome, Italy.  

E-mail: mcallea@gmail.com 

 

http://www.ektodermaldisplazi.com/dergi.htm
http://www.ektodermaldisplazi.com/journal.htm
mailto:mcallea@gmail.com


 

Journal of International Dental and Medical Research ISSN 1309-100X          Ectodermal Dysplasia, and Clinical Genetic Aspects 

http://www.ektodermaldisplazi.com/journal.htm                                                                                                Michele Callea, and et al 

 

  Volume ∙ 10 ∙ Number ∙ 2 ∙ 2017 

                            
Page 398 

Genetic aspects: 
                                   
HED is caused by mutations that affect 

components of a tumor necrosis factor (TNF)-like 
signaling pathway. Activation of this pathway is 
initiated by binding of the TNF-like ligand 

ectodysplasin (EDA) to its transmembrane 
receptor (EDAR), which connects to a canonical 
TNF signaling cascade through a dedicated 
adapter protein, ultimately leading to the 

stimulation of NF-κB8. The gene responsible for 
X-linked HED (XL-HED;MIM#305100) is named 
ectodysplasin-A (EDA; MIM#300451; Xq12-q13) 

which encodes a protein that is involved in the 
normal development of ectodermal appendages 
including hair, teeth, and sweat glands. Mutations 

in the same gene can cause X-linked selective 
tooth agenesis (MIM#313500)1,2,3. 

Defects in the molecular structure of 
ectodysplasin-A may inhibit the action of the 

epidermal-specific TNF-R family member 
ectodysplasin receptor (EDAR). EDAR acts 
through ectodysplasin receptor-associated 

adapter protein (EDARADD) and activate the IKK 
complex, necessary for normal development of 
the ectoderm and/or its interaction with the 

underlying mesoderm. Mutations in the 
ectodysplasin-A receptor (EDAR; MIM#604095; 
2q12.3), which forms a ligand-receptor pair with 
ectodysplasin, and EDAR-associated death 

domain (EDARADD; MIM#606603; 1q42-q43). 
This in turn interacts with the death domain of 
EDAR and links the receptor to signaling 

pathways downstream, which are associated with 
both autosomal dominant and autosomal 
recessive forms of HED. Mutations in EDAR can 

result in autosomal dominant HED 
(MIM#129490) and autosomal recessive HED 
(MIM#224900) whether mutations 
in EDARADD result in autosomal recessive HED 

(MIM#614940)9,10.  
Mutations in TRAF6 and WNT10A have 

been recently reported causing HED11. In 

addition to a well characterized 
role in ectodermal appendages development in 
utero, EDAR signaling has been 

demonstrated participate in adult hair cycle 

regulation, through the upregulation of X-linked 
inhibitor of apoptosis (XIAP) involved in hair 
follicules apoptosis-driven involution12 and more 

recently, this signaling pathway has also been 
associated to skin wound healing13. 
  

Clinical features: 
 

Newborns with HED can present with 

peeling skin similar to "post-mature" babies. 
Eccrine function (sweating), although present, is 
greatly deficient, leading to episodes of 

hyperthermia. More often, diagnosis is delayed 
until the teeth fail to erupt at the expected age (6-
9 months) or the teeth that erupt are peg-shaped, 
conical, or knife-edge in shape, which may 

affect the ability to eat and speech. Patients also 
have a peculiar facies, characterized by 
periorbital hyperpigmentation, depressed nasal 

bridge (saddle nose deformity), pointed chin, 
frontal bossing, everted lips, midface hypoplasia. 
They tend to have sparse scalp and body hair 

(hypotrichosis) that is often light-coloured and 
slow-growing; eyebrows and eyelashes are 
sparse or totally absent14. Abnormalities in 
function of the mucous membrane leads to 

frequent respiratory tract infections and changes 
in nasal secretions from concretions (solidified 
secretions in the nasal and aural passages) in 

early infancy to large mucous clots15. The 
epidermis is xerotic, with patches of 
hyperkeratosis and/or eczematous. 

Common otorhinolaryngological manifestations 
include chronic infections such as 
rhinitis, pharyngitis, otitis media, hearing loss, 
epistaxis, and dysphonia. As a consequence 

of gastroenteric glands hypoplasia, HED patients 
can also suffer from dysphagy 
and constipation16. Physical growth and 

psychomotor development are otherwise within 
normal limits. In HED males are affected but 
female carriers may manifest milder features: 

congenital tooth agenesis and misshapen teeth, 
sparse and thin hair and some problems with 
sweat glands function6. 

National Foundation for Ectodermal 

Dysplasias (NFED) has created a database for 
patients which allowed to determine the most 
frequent clinical characteristics in a large group 

of patients, based on this, the most reported 
feature in patients with HED is hypohidrosis, 
followed by hypotrichosis and hypodonthia 
equally represented among patients. Other 

complications described mainly in male patients 
are nasal congestion with bad odor interfering 
with feeding, eczema and recurrent sinusitis17. 

Several times have been reported inter 
and intrafamilial phenotype differences in 
patients, presenting a wide spectrum of severity 
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without a genotype-phenotype correlation. 
However, few hypomorphic mutations were 
described in which a genotype-phenotype 

correlation was stablished for sweat gland 
function or skin and hair signs18,19.   

 

Dental features: 
 
Dental abnormalities of HED patients 

include tooth agenesis ranging from 

hypodontia (patients with up to 5 missing 
teeth) to olygodontia (patients with more than 5 
missing teeth), teeth malformations are 

equally frequent as microdontia, cone 
shaped teeth and anomalous dental eruption19-23. 

Taurodontism is also found in HED 

patients, which is characterized by pulp 
enlargement. Moreover, the degree of 
taurodontism seems to be associated to the 
mutated gene, thus, has been proposed that 
could be more severe when EDA gene 

is mutated24. All these characteristics could lead 
to other anomalies such as alveolar bone 

resorption, osteopenia, height reduction25.  
Dental malformations can affect oral 

function and self-esteem of patients, 

therefore, dental rehabilitation at early 
ages is often chosen by the team of specialist 
dentist, being implant therapy the most 
used clinical technique in these patients19,25.  

Oral rehabilitation should be a 
multidisciplinary team effort, including paediatric 
dentist, orthodontist, endodontist, maxillofacial 

surgeon and prosthodontist in order to plan the 
best management of the patient. Although 
potential risks may arise, the use of implants 

seems to be the best option for these patients, 
thus, some consideration should be taken as 
best time and place for implant placement and 
possible consequences with regard to normal 

tooth eruption and normal growth of denture26-28.  
  

Molecular diagnosis and future 

treatment: 
 

To date we have diagnosed EDA 

mutations with Sanger sequencing, although few 

studies on NGS (Next Generation Sequencing) 
detecting EDA mutation have been reported6,29,30. 

As the cost of exome sequencing is falling 

rapidly, the application of this method which is 
now cost effective and cheaper than the classic 
approach of linkage analysis followed by Sanger 

sequencing of candidate genes of the identified 
locus, could be considered in the future as a 
diagnostic clinic-molecular tool11. 

The proposal of new diagnostic strategies 
may allow a faster diagnosis giving the possibility 
to establish inheritance patterns useful for 

families, and to answer to "thirsty" Scientists. 
To date, only symptomatic treatment is available 
for these patients. Causative therapeutic 
approaches to such disorders are expected to be 

effective in the near future31,32. 

   
Conclusions 

 
HED have been associated to mutations 

in different genes, without a genotype-phenotype 
correlation well stablished leading to 

a challenging diagnosis and making difficult 
establishing the inheritance pattern without DNA 
sequencing.  

Therefore a group of multidisciplinary 
specialists including paediatric dentist, 
dermatologist, ophthalmologist, geneticist and 
othorinolaryngologist are necessary for a good 

patient management.  
Exome sequencing may be the 

best available approach to molecular diagnosis 

reducing time and cost and increasing diagnosis 
sensitivity.  Early oral rehabilitation is mandatory 
in order to improve the quality of life. 
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