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Abstract
Ectodermal dysplasia is a disease of genetic background in which the main symptoms are anomalies of the teeth, 
hair, nails, and sweat glands. It occurs in 7/10,000 births and may be divided into 170 different syndromes. The main 
symptoms are weak thin hair, hypodontia and other dental anomalies, a small number of sweat glands, and malfor-
mation and weakening of nails. The most common type of the disease is hypohidrotic ectodermal dysplasia related to 
chromosome X, which is Christ-Siemens-Touraine syndrome (Adv Clin Exp Med 2010, 19, 2, 257–269).
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Streszczenie
Dysplazja ektodermalna jest chorobą o etiologii genetycznej, której kluczowymi objawami są nieprawidłowości 
zębów, włosów, paznokci i gruczołów potowych. Do schorzeń typu dysplazji zalicza się ponad 170 jednostek cho-
robowych wspólnie występujących z częstością 7/10 000 urodzeń. Objawami dysplazji ektodermalnej są osłabione 
i cienkie włosy, hipodoncja i zniekształcenia zębów, zmniejszenie liczby gruczołów potowych oraz zniekształcenie 
i osłabienie paznokci. Najczęściej występującym typem schorzenia jest hipohydrotyczna dysplazja ektodermalna 
sprzężona z chromosomem X, czyli zespół Christ-Siemens-Touraine (Adv Clin Exp Med 2010, 19, 2, 257–269).

Słowa kluczowe: dysplazja ektodermalna, gen, mutacja, czynniki transkrypcyjne, choroba sprzężona z chromo-
somem X.
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Ectodermal dysplasia is a hereditary disorder 
whose major manifestations are abnormalities 
of the teeth, hair, nails, and sweat glands. There 
are more than 170 different disorders regarded 
as ectodermal dysplasia, occurring with a fre-
quency of 7 in 10,000 births (Tab. 1) [1, 2]. The 
crucial symptoms are hypodontia, malformed 
teeth, decreased number of sweat glands, sparse 
and fine hair, and deformed nails [3]. However, 
the particular disorders have different manifes-
tations which can also involve other structures, 
such as the nervous system or thyroid glands. 
Several classifications of ectodermal dysplasia 
have been introduced. The first, proposed by 
Pinheiro and Freire-Maia (1994), was based on 
clinical manifestations. Ectodermal dysplasia was 
a disease with abnormalities of at least two ecto-
dermal appendages. Gradual elucidation of the 

molecular backgrounds of ectodermal dysplasia 
allowed Priolo and Lagana to present a classifi-
cation based on both molecular/genetic causes 
and clinical manifestations [4]. Two categories of 
molecular causes were made. The first contained 
diseases caused by improper cytoskeletal struc-
ture and cell stability and the second concerned 
the development of abnormalities and irrelevant 
signalization between the ectoderm and meso-
derm. The most recent classification, provided by 
Lamartin (2003), is entirely focused on the molec-
ular/genetic causes of ectodermal dysplasia [5]. 
Mutations in particular genes have their effect in 
improper cell structure and function. The impro-
prieties were classified in four categories: intercel-
lular communication, cell adhesion, transcription 
regulation, and development. Despite significant 
progress in the identification of mutations caus-
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Table 1. Genes and coded molecules in molecular dysplasias

Tabela 1. Geny i kodowane molekuły w dysplazjach molekularnych

Syndrome 
(Zespół)

Inheritance 
(Dziedzi-
czenie)

Gene  
symbol 
(Symbol 
genu)

Chromosomal 
location 
(Lokalizacja 
chromosomowa)

Protein 
(Białko)

Christ-Siemens-Tiuraine Syndrome
(Zespół Christ-Siemens-Tiuraine)

X-linked EDA Xq12-q13.1 ectodysplasin A

Hypohidrotic Ectodermal Dysplasia
(Hipohydrotyczna dysplazja ektodermalna)

AD EDAR 2q11-q13 ectodysplasin 
A receptor

Ar EDARADD 1q43 EDAr-associated 
death-domain 
protein

LADD syndrome
(Zespół LADD)

AD FGFR2 10q25.3-q26 fibroblast growth 
factor receptor 2

AD FGFR3 4p16.3 fibroblast growth 
factor receptor

AD FGF10 5p13-p12 fibroblast growth 
factor 10 

Hypohidrotic ectodermal dysplasia with immunodefi-
ciency – HED-ID
(Hipohydrotyczna dysplazja ektodermalna z niedo-
borem odporności) 
Anhydrotic ectodermal dysplasia with immunodefi-
ciency – AED-ID
(Anhydrotyczna dysplazja ektodermalna z niedo-
borem odporności) 
Alberts-Schonberg Syndrome  
(Zespół Alberts-Schonberg) 
Lymphoedema  
(Obrzęk limfatyczny)

X-linked IKBKG Xq28 NEMO

vohwinkel’s Syndrome (Zespół vohwinkel) 
Palmoplantar keratoderma (rogowiec dłoni i stóp) 
Keratitis-Ichthyosis-Deafness Syndrome 
(Zespół zapalenia rogówki – rybiej łuski – głuchoty)

AD 
Ar 
AD

GJB2 13q11-q12 connexin 26

Erythrokeratodermia variabilis – EKv
(Zespół Mendesa da Costy)

AD 
AD

GJB3 
GJB4

1p35.1-p34 
1p34.3

connexin 31 
connexin 30.3

Clouston Syndrome (Zespół Cloustona) AD GJB6 13q12.1 connexin 30

Oculodentodigital dysplasia – ODDD
(Dysplazja oczno-zębowo-palcowa)

Ar GJA1 6q21-q23.2 connexin 43

Cleft lip/palate-ectodermal dysplasia syndrome 
(CLPED1), also called Zlotogora-Ogur Syndrome and 
Margarita Island ectodermal dysplasia
(Zespół Zlotogora-Ogur lub dysplazja ektodermalna 
wyspy Margarita)

Ar PVRL1 11q23-q24 nectin-1

Ectodermal dysplasia/skin fragility syndrome
(Dysplazja ektodermalna/zespół wrażliwej skóry)

Ar PKP1 1q32 plakophilin 1

Hypotrichosis congenital with juvenile macular dys-
trophy syndrome
(Przewlekła hipotrychoza z młodzieżową dystrofią 
plamki żółtej)

Ar CDH3 16q22.1 P-cadherin

AD – autosomal dominant; Ar – autosomal recessive. 
AD – autosomalne dominujące; Ar – autosomalne recesywne.
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ing particular diseases, less than 30 types of dys-
plasia have a fully elucidated background. 

The aim of this study was to present the molec-
ular and genetic causes of ectodermal dysplasias. 
The paper supports Lamartin’s classification as 
it directly corresponds to the topic of the study. 
Table 1 presents information on genes and coded 
molecules in molecular dysplasias and Table 2 pres-
ents basic information on genetic terminology.

Signalization
Teeth, hair, nails, and sweat glands are ecto-

dermal appendages and their development strictly 
depends on communication between the ecto-
derm and mesoderm. Despite obvious differenc-
es in final morphology, the early stages of their 
development are regulated by common mediators. 
The consequence is that deficiency of one media-
tor caused by mutation in one gene disables the 
proper development of all ectodermal appendages 
except nails.

The most frequent form of the disorder is 
X-linked hypohidrotic ectodermal dysplasia, also 
known as Christ-Siemens-Touraine syndrome [6]. 
It occurs with a frequency of 1 in 100,000 births [7]. 
The major symptoms are individually consistent 
and comprise fine and sparse hair, hypodontia, 
microdontia, malformed teeth, and decreased 
number of sweat glands. Moreover, a prominent 
forehead, hypoplastic maxilla, and low nose base 
may be present. Hypohidrotic dysplasia is caused 
by mutations in the EDA gene located on chromo-
some X at locus q12-q13.1 [3]. EDA codes ectodys-
plasin A, a transmembrane protein that belongs to 
the tumor necrosis factor ligand family [8]. One of 
the most important functions of ectodysplasin is 
the activation of nuclear factor-κB (NF-κB tran-
scription factor). A transcription factor is a pro-
tein that binds to a specific sequence of DNA, 
such as the promoter, enhancer, or silencer. All 
transcription factors contain one or more DNA 

binding domains and an activator domain. The 
transcription factor together with other proteins 
as a complex can stimulate or repress the tran-
scription of specific genes. Without transcription 
factors, copying rNA from DNA cannot occur. 
These proteins can be activated or inhibited by 
physiological, therapeutic, environmental, and 
pathological stimuli (i.e. mutations) (Fig. 1).

NF-κB is responsible for regulating the tran-
scription of many genes important for bone 
morphogenesis, proliferation and differentiation 
of keratinocytes, the formation of ectodermal 
appendages, and stimulation of inflammation and 
an immunological response [9–11]. Several splice 
isoforms of EDA gene have been identified. The 
most common and longest ectodysplasin isoforms, 
EDA-A1 (391 amino acids) and EDA-A2 (389 
amino acids), differ from each other only by the 
presence of Gln 308 and val 309 in the receptor 
binding region of EDA-A1 (Fig. 2). This two-ami-
no-acid (aa) difference confers receptor specificity 
[12,13]. EDA-A1 is essential for the development 
of ectodermal appendages and binds to ectodys-
plasin receptor (EDAr). EDA-A2 is responsible 
for the synchronization and finalization of this 
process and binds to X-linked EDA-A2 receptor 
(XEDAr) [14]. Ectodysplasin contains a small 
N-terminal cytoplasmic domain and a large 
C-terminal extracellular domain. An extracellu-
lar domain contains TNF-homologous regions, 
a (Gly-X-Y)19 collagen repeat, and a sequence of 
seven amino acids that is recognized by furinase.

The proper structure of every protein motif 
is crucial for the activity of ectodysplasin. The 
TNF-homologous region is responsible for pro-
tein folding and receptor binding. The function 
of the collagen-like region is the multimerization 
of ectodysplasin homotrimers. The 7-amino-acid 
sequence is recognized by furin protease; cleav-
age by this enzyme releases the soluble C-terminal 
fragment with TNF motifs. Mutations are located 
in the region of EDA that encodes a sequence of 
TNF regions that cause disability of EDA to bind 

Fig. 1. Structure of the promoter and coding region of the gene

Ryc. 1. Struktura promotora i regionu kodującego genu

PROMOTER
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to its receptor. Improprieties in the structure of 
the collagen-like repeat disallow multimerization 
of EDA homotrimers, which decreases its biologi-
cal activity. Changes in the region of 7-amino-acid 
sequence cause furinase to cleave EDA at an inap-
propriate position, i.e. Arg 159. This decreases the 
solidity of EDA and inhibits its function. Mutations 
in all motifs can trigger hypohidrotic ectoder-
mal dysplasia, depending on the level of inhibi-
tion of EDA function. The disorder is inherited as 
X-linked, with low penetration [15]. The conse-
quence is that manifestations differ in severity in 
men and women. Men, having only one X chro-
mosome, always develop the entire spectrum of 
symptoms. In addition to ectodermal append-
ages there are also abnormalities of hypoplastic 
maxilla, prominent forehead, low and broad base 
of the nose, and wrinkles around the eyes [16]. 
Women, in contrast, having two X chromosomes, 
may be homo- and heterozygous mutation carri-
ers. Heterozygous patients have milder symptoms 
with microdontia, hypodontia, and increased body 
temperature caused by the lower number of sweat 
glands and improprieties in peripheral blood cir-
culation [17, 18]. If a person is a homozygous car-
rier, the syndrome is much more severe. A case of 
twins was described in whom the proper chromo-
some X was inactivated and the second one had 
a mutation in the EDA gene. One of the girls died 
at the age of 2.5 years because of airway obstruc-
tion by epithelial debris. Autopsy revealed an 
absolute lack of sweat, mucous, and ceruminous 
glands [19].

Autosomal hypohidrotic ectodermal dysplasia 
can also be caused by mutations in two other genes: 
EDAR and EDARADD. Nevertheless, mutations in 
EDA are the most frequent reason triggering the 
X-linked disorder; they evoke 63% of cases in the 
whole patient population and 95% of cases among 
the males [20]. It has been shown that the clinical 
images of the disorder caused by mutations in all 
three genes are indistinguishable [21]. 

The EDAR gene is located on chromosome 2 
at locus q11-q13 and encodes a protein called 

EDAr, which belongs to the TNF receptor super-
family [22]. EDAr transcript consists of a sig-
naling sequence, an extracellular cysteine-rich 
domain responsible for EDA binding, a trans-
membrane fragment, and an intracellular domain 
which is a putative death domain. The function 
of the death domain is transduction of a sig-
nal to the EDArADD-EDAr-associated death 
domain which eventually activates NF-κB [22–24]. 
Mutations inhibiting the function of EDAr are 
mainly located in the ligand-binding domain and 
death domain. Mutations in the binding domain 
decrease to EDA’s affinity to bind to its receptor, 
which inhibits signal transduction [14]. Missense 
and nonsense mutations cause premature termi-
nation of translation or incorrect splicing position, 
which leads to improper structure of the death 
domain or its complete lack [24]. This results in 
inability of the death domain to form homotri-
mers, which makes the interaction between EDAr 
and EDArADD receptor impossible and, finally, 
NF-κB is not activated [21, 25, 27]. 

Whereas mutations of EDA are X-linked, 
mutations of EDAR are both autosomal recessive 
and autosomal dominant. Mutations in regions 
encoding the extracellular fragment are mainly 
recessive, but mutations occurring in the intracel-
lular region are dominant [22]. Patients with auto-
somal dominant mutations are more heat tolerant 
and have milder hair abnormalities than carriers 
of autosomal recessive mutations [28]. Mutations 
of EDAR account for 25% of all cases that are not 
caused by mutations of EDA [22, 29].

Hypohidrotic ectodermal dysplasia may 
also be caused by mutations in EDARADD gene, 
located on chromosome 1 at locus q42.2-q43 [30]. 
EDARADD encodes an EDAr-associated death 
domain. It is essential for the intracellular trans-
duction of signal to NF-κB [25]. receptors (e.g. 
EDAr) belonging to the TNFr superfamily con-
tain a death domain which is used to form an 
intracellular complex that activates the next ele-
ment of the signaling path, NF-κB in this case 
[31–33]. EDArADD is essential for the formation 

Fig. 2. Schematic drawing of ectodysplasin A protein showing domains and predicted protein motifs. TM – trans-
membrane domain, FUr – putative furin cleavage sequence, COL – collagen-like region, TNF – regions homologous 
to tumor necrosis factor

Ryc. 2. Schematyczny rysunek białka ektodysplazyny A pokazujący domeny i motywy. TM – domena transmembra-
nowa, FUr – przypuszczalna sekwencja cięta przez furynę, COL – region wiążący kolagen, TNF – region homologic-
zny do TNF
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of this complex. Contrary to other TNF receptors, 
EDAr does not transduce a signal for apoptosis, 
but for the development and differentiation of 
cells. Mutations in the death domain-encoding 
region of EDARADD result in improper struc-
ture or lack of the death domain, which makes 
the formation of a transducing complex impos-
sible [27]. EDArADD also contains the sequence 
Pro-X-Gln-X-Thr, which is responsible for bind-
ing Traf, which are needed for signal transduction. 
However, mutations in the region encoding this 
sequence do not significantly decrease NF-κB acti-
vation (Fig. 3). Mutations in EDARADD gene can 
be both autosomal dominant and recessive [30].

Lacrimo-auriculo-dento-digital (LADD) syn-
drome is characterized by hypoplasia or aplasia of 
the lacrimal puncta and obstruction of naso-lacri-
mal ducts, malformation of the auricula and hear-
ing impairment, microdontia of the upper lateral 
incisors, enamel dysplasia, syndactyly, and clinod-
actyly (fifth finger curved like an arch towards the 
other fingers) [34]. The disorder is inherited as an 
autosomal dominant trait. Mutations causing the 
disease occur in genes encoding fibroblast growth 
factor (FGF) receptors (FGFR2 and FGFR3) and 
the gene encoding FGF-10 (FGF10) [35]. FGFs 
play a crucial role in the transduction of signals for 
migration, proliferation, and differentiation dur-
ing the development of the embryo. Signalization 
with FGFs also takes place between the ectoderm 
and mesoderm, which is essential for ectodermal 
appendage development [36]. FGF receptors con-
sist of two or three extracellular immunoglobulin-

like domains that bind heparin, the transmem-
brane region, and intracellular tyrosine kinase 
[37]. Mutations causing LADD syndrome occur in 
the regions of FGFR2 (10q26) and FGFR3 (4p16.3) 
that encode tyrosine kinase and result in a decrease 
in its activity. This inhibits the transduction of sig-
nals and eventually triggers the disorder. LADD 
syndrome can also be caused by mutations in the 
FGF10 gene [35].

IKBKG gene is located on chromosome X at 
locus 28 and encodes IKK-γ (inhibitor of kappa-B 
kinase gamma), also known as NEMO (NF-κB 
essential modulator) [38]. NEMO is a crucial regu-
lator of activation of NF-κB [39]. It is a part of the 
IKK complex, which consists of IKK-α, IKK-β, and 
NEMO. The role of this complex is phosphoryla-
tion of IκB, inhibitors of NF-κB. Phosphorylation 
of IkB is then followed by their ubiquitination and 
degradation in proteasomes. This releases NF-κB, 
which is then transported to the nucleus and regu-
lates the transcription of particular genes. NEMO 
consists of four domains: an N-terminal spiral 
domain, a C-terminal spiral domain, a zinc fin-
ger domain, and a leucine zipper. The N-terminal 
spiral domain is responsible for binding to IKKs 
[40, 41]. The C-terminal domains play a role in 
the homotrimerization of NEMO [41–43]. It is 
supposed that the leucine zipper is needed for 
the ubiquitination of NEMO [44–46]. Several 
NEMO mutations are located in the C-terminal 
encoding region. Changes in the structure of the 
C-terminal spiral domain and leucine zipper may 
affect homotrimerization. Aberrations in the leu-

Fig. 3. The ectoplasmin 
signal transduction path-
way

Ryc. 3. Szlak transdukcji 
sygnału uruchamiany przez 
ektodysplazynę A
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cine zipper disable full activation of the IKK com-
plex. NEMO-dependent inhibition of NF-κB leads 
to skin and immunological disorders. Deletion of 
exons 4-10 causes incontinentia pigment type 2, 
with such manifestations as skin hyperpigmenta-
tion and abnormalities of the eyes, teeth, bones, 
and other organs [47]. Changes in the structure 
of NEMO cause hypohidrotic ectodermal dyspla-
sia with immunodeficiency (HED-ID), which is 
characterized by low immunoglobulin level and 
recurrent infections. Premature termination of 
transcription causes a more severe type, i.e. anhi-
drotic ectodermal dysplasia with immunodeficien-
cy (AED-ID), Albers-Schonberg syndrome (osteo-
sclerosis, fragile bones, teeth malformations), and 
lymphoedema [48].

Some of the proteins essential for intercellular 
signaling are connexins which form nexus junc-
tions. They are used for the exchange of molecules 
such as ions, metabolites, and second messengers 
smaller than 1000 Da [49]. In the skin, nexus junc-
tions are important for the development and dif-
ferentiation of keratinocytes, whereas in cochlear 
epithelium they convey potassium ions. In every 
cell, six connexins form a connexon (Fig. 4). 
Connexons of two adjacent cells connect and the 
nexus junction is created. Connexons can consist 
of one of several kinds of connexins. The result is 
that they are homo- or heteromers and they differ 
in conductance and selectivity [50, 51]. Mutations 
of genes encoding connexins result in hearing 
impairment and improper development of skin 
and its appendages. 

The gene GJB2 is located on chromosome 13 at 
locus q11-12 [52]. It encodes connexin 26 and 
consists of two exons, one of which is not trans-
lated [53]. Mutations in GJB2 cause impaired 
association of connexins and the connection of 
connexons as well as changes in the conductance 
of particular molecules [54]. This can result in 
several disorders such as vohwinkel`s syndrome 
(hyperkeratosis, hearing impairment), palmo-
plantar keratoderma (hyperkeratosis of the palms 
and soles), and Keratisis-Ichthyosis-Deafness 
(KID) syndrome [49]. Mutations of the GJB3 and 

GJB4 genes evoke erythrokeratoderma variabilis 
[55, 56]. Mutations of the GJB6 gene encoding con-
nexin 30 cause hidrotic ectodermal dysplasia, also 
known as Clouston syndrome (presence of sweat 
and ceruminous glands, complete lack of hair, nail 
dystrophy, skin hyperpigmentation, lack of dental 
abnormalities) [49, 57]. Mutations of the GJA1 
gene cause oculodentodigital dysplasia character-
ized by microphthalmia, small nose, sparse hair, 
dental deformations, and syndactyly [58]. All dis-
orders caused by mutations in connexin-encoding 
genes are inherited as autosomal dominant traits.

Adhesion Molecules
Intercellular junctions ensure the consistence 

and durability of the epithelium. resistance to 
mechanical factors depends on tight junctions, 
adherens junctions, and desmosomes. The junc-
tions consist of proteins called adhesion molecules. 
These are cadherins in tight and adherens junc-
tions and desmogleins and desmokolins in desmo-
somes. These two kinds of junctions connect not 
only cell the membrane, but also the cytoskeleton, 
which ensures high consistence and mechani-
cal resistance. Structural alternations of adhesion 
proteins will decrease the mechanical durability of 
epithelium.

PVRL1 gene is located on chromosome 11 at 
locus 23 and encodes nectin-1 [59, 60]. Nectins are 
a family of five transmembrane immunoglobulin-
associated proteins. They consist of five domains: 
an extracellular immunoglobulin-like v-shaped 
domain and two immunoglobulin-like C-shaped 
domains, a transmembrane sequence, and an intra-
cellular C-terminal domain [61]. The extracellular 
fragments of nectins form dimers which connect 
with identical dimers located on an adjacent cell. 
The intracellular terminus of nectins is connect-
ed through afadin with actin filaments [61–63]. 
Nectin-1 is also a basic receptor for the internal-
ization of herpes simplex virus [64]. Mutations 
in PVRL1 result in hidrotic ectodermal dysplasia, 
also known as Margarita Island or Zlotogora-Ogur 

Fig. 4. Schematic model illustrating 
the assembly of connexins into gap 
junctions. Six connexins oligomerize 
into connexons, which combine into 
gap junction channels

Ryc. 4. Schematyczny model 
przedstawiający koneksyny 
w połączeniach szczelinowych. Po 
oligomeryzacji koneksyn powstają 
koneksony, które tworzą kanały 
w połączeniach szczelinowych
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syndrome [65]. The disorder has an autosomal 
recessive mode of inheritance [66]. Manifestations 
of the syndrome are cleft palate and lip, fine and 
sparse hair, deformed auricula, syndactyly, insuf-
ficient eyebrows, and severe teeth abnormalities, 
particularly frequent hypodontia of the upper lat-
eral incisors [65–69].

PKP1 gene encodes plakophilin (PKP)-1, 
a protein essential for the proper formation of 
desmosomes (Fig. 5) [70–73]. PKP1 is located on 
chromosome 1 at locus 32 [74]. There are at least 
two different isoforms: PKP-1a (126 amino acids) 
and PKP-1b (747 aa). Isoform 1b is generated by 
alternative splicing, during which exon 7 encoding 
21 aa is excised. PKP-1b protein occurs exclusively 
in the nucleus and plays a role in signal transduc-
tion [75]. PKP-1a has been found in the nucleus 

and desmosomal plaque. PKP-1a is responsible for 
the organization and stabilization of proteins of 
the desmosomal plaque [76]. Mutations of PKP-1 
gene cause improper protein structure, which 
results in decreased the number and size of des-
mosomes (Fig. 6) [77]. This leads to extension of 
the intercellular space [78]. Ectodermal dysplasia 
with skin fragility is evoked with other manifesta-
tions, such as nail dystrophy, hyperkeratinization 
of the palms and soles, decreased sweating, and 
sparse hair [72, 79].

CDH3 gene is located on chromosome 16 at 
locus q22.1 [80]. It encodes P-cadherin, a protein 
essential for the formation of tight junction and 
punctum adherens. It is expressed intensively in 
the retinal epithelium and hair follicles. P-cadherin 
is a transmembrane protein consisting of an extra-
cellular domain, a transmembrane fragment, and 
an intracellular tail. The extracellular domain con-
tains five sequences characteristic of all cadherins 
which is called the cadherin motif/EC domain. 
They play a crucial role in Ca2+-dependent inter-
cellular junctions [81, 82]. A parallel connection 
is made between the two extracelluar fragments of 
P-cadherin. Such a dimer connects to an identical 
one on the adjacent cell [83]. The intracellular tails 

Fig. 5. Cellular location of desmosome and gap junc-
tion

Ryc. 5. Komórkowa lokalizacja desmosomów 
i połączeń szczelinowych

Fig. 6. The desmosomal plaque component. Dsg – 
desmoglein, Dsc – desmocollin, DP – desmoplakin, 
IF – cytoskeleton components, PKP – pakophilin, 
Pg – plakoglobin

Ryc. 6. Elementy płytki desmosomalnej. Dsg – desmo-
gleina, Dsc – desmokolina, DP – desmoplakina,  
IF – elementy cytoszkieletu, PKP – pakofilina, 
Pg – plakoglobina

Fig. 7. Schematic model of P-cadherin structure and 
cellular transduction pathway

Ryc. 7. Schematyczny model budowy białka 
P-kadheryny i szlak transdukcji sygnału



J. Szeląg et al.264

bind to β-catenin and γ-catenin [84]. β-catenin 
connects with α-catenin, which binds directly to 
actin filaments (Fig. 7) [85]. Two kinds of muta-
tions of CDH3 gene (missense and frameshift) 
result in hypotrichosis with juvenile macular dys-
trophy (HJMD) syndrome. The disorder is char-
acterized by fine, twisted hair, early hair loss, and 
progressive retinal atrophy leading to vision loss 
between 20 and 30 years of age [86]. The disease 
is inherited as an autosomal recessive trait. The 

frameshift mutation causes a premature termina-
tion of transcription. The truncated protein, lack-
ing the intracellular tail and three EC domains, 
cannot interact with β-catenin, which is essential 
for hair follicle development [87–89]. This muta-
tion type has been identified in 11 pedigrees of 
4 consanguineous families of Muslim origin [87].

A missense mutation in the eleventh exon of 
CDH391 affects the structure of the Ca2+-binding 
domain [80, 82]. It reduces the ability to bind 

Table 2. Basic definitions of molecular biology

Tabela 2. Podstawowe definicje biologii molekularnej

Adhesion molecules 
(Cząsteczki adhezyjne)

extracellular and cell-surface proteins mediating in cell-cell and cell-extracellular matrix 
adhesion

Alternative splicing 
(Splicing alternatywny)

mechanism in which introns are removed from the primary gene transcript, resulting in 
various protein isoforms

Codon (Kodon) a sequence of three nucleotides that encode one amino acid

Enhancer (Enhancer) a short region of DNA binding activator proteins and increasing the transcription level

Exon (Egzon) coding sequence of DNA present in mature messenger rNA; it encodes the amino-acid 
product or some types of rNA

Frameshift mutation 
(Zmiana ramki odczytu)

a nucleotide insertion or deletion can change the reading frame, resulting in a different 
amino-acid sequence or a truncated protein (Fig. 8)

Gene expression 
(Ekspresja genu)

the process by which a nucleotide sequence of a gene is translated into rNA (Fig. 9)

Heterodimer protein 
(Białko heterodimerowe)

two different polypetides forming a protein subunit

Homodimer protein 
(Białko homodimerowe)

two identical polypetides forming a protein subunit

Intron (Intron) non-coding sequence of DNA spliced out of the pre-mature messenger rNA prior to 
translation

Messenger rNA (mrNA) rNA that serves as a template for protein synthesis

Missense mutation 
(Mutacja zmiany sensu)

mutation in DNA molecule leading to amino-acid changes (Fig. 10)

Nonsense mutation 
(Mutacja nonsensowna)

substitution of single base pair which introduces a stop codon instead of an amino-acid 
codon (Fig. 11)

Promoter (Promotor) the specific region of a gene that acts as a binding site for transcription factors and rNA 
polymerase. The process of transcription is initiated at the promoter

Signal transduction 
(Przewodzenie sygnału)

the intercellular or intracellular transfer of information through a signaling pathway. It 
can come from a biologically active molecule (hormone, neurotransmitter) and can trans-
mit an activation/inhibition signal via a specific receptor

Silencer  
(Sekwencja wyciszająca)

control elements binding repressors and decreasing or fully suppressing rNA synthesis

Start or initiation codon 
(Kodon „start”)

codon ATG (or AUG in rNA) encoding the amino-acid methionine (Met)

Stop or termination codon
(Kodon „stop”) 

a triplet nucleotide within mrNA (UAG, UAA, or UGA) which signals the end of a poly-
peptide chain

Transcription (Transkrypcja) copy a DNA sequence to rNA; this is the first step in gene expression

Translation (Translacja) the message in the mrNA is translated into a protein on structures called ribosomes
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Ca2+ ions and alters the proper conformation of 
the EC4 domain, finally decreasing the capabil-
ity of P-cadherin to form intercellular junctions 
and impairing its function in cell differentiation. 
This mutation type has been identified in a large 
Arabic-Israeli family; four out of six children 
whose parents were first degree cousins developed 
the syndrome [90]. 

Missense mutations in the eighth exon of 
CDH3 can also result in ectodermal dysplasia 
with ectrodactyly (lack of one or more fingers 
or toes with cleft palm or foot) and retinal dys-
trophy. In this case, binding of Ca2+ ions is also 
impaired. In an affected family, the parents also 

were first degree cousins and heterozygous muta-
tion carriers. Both chromosomes inherited by the 
patient had mutated CDH3 [91]. Ectodermal dys-
plasia with ectrodactyly and macular dystrophy 
(EEM syndrome) can be triggered by a frameshift 
mutation in the seventh exon of CDH3 gene. It 
produces truncated P-cadherin lacking both the 
intracellular and transmembrane domains as 
well as its extracellular domains 3–5. In an affect-
ed Brazilian family the parents, a brother, and 
a son of the probant were heterozygous carriers 
[91, 92]. The brother had syndactyly of fingers 
1–4 and microdontia, but no retinal dystrophy or 
sparse hair.

Fig. 8. Frameschift mutation

Ryc. 8. Przesunięcie ramki odczytu

Fig. 9. Gene expression

Ryc. 9. Ekspresja genu

Fig. 10. Missence mutation

Ryc. 10. Mutacja zmiany sensu

Fig. 11. Nonsense mutation

Ryc. 11. Mutacja nonsensowna
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