
97

Human hereditary enamel abnormalities – 
molecular factors and genetic counselling
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AbstrAct
Defective enamel formation may result either from factors of environmental origin or from genetic abnormality. 
Such genetically determined enamel malformations have been described in patients with chromosomal anomalies 
and with inherited single gene defects. Enamel is a principal component of the dentition, and defects in this hard 
tissue are associated with a wide variety of diseases. Dental enamel is the epithelial-derived hard tissue covering 
the crowns of teeth. It is the most highly mineralized and hardest tissue in the body. Dental enamel is acellular and 
has no physiological means of repair. Amelogenesis imperfecta (AI) is a group of genetically and phenotypically 
diverse forms of defective tooth enamel development. Progress has been made regarding the definition of the 
genetic basis of AI, but the exact mechanism for the biomineralization process remains largely unknown. The list 
of genes associated with enamel defects has grown tremendously over the past decade. The molecular pathways 
involved in the development of enamel defects are diverse, and the functionality of the genes and gene products 
is heterogeneous. Syndrome-associated enamel defects are caused by many genes that affect other tissues, 
including eye, kidney, brain, and skin. As with enamel defects, early diagnosis and preventive care are essential 
for successful management of dentine defects. Patients who have a family history of dentine defects such as 
dentinogenesis imperfecta or those with medical conditions known to be associated with dentine defects such as 
hypophosphataemia and osteogenesis imperfecta should be screened early for dental problems.
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IntroductIon

Defective enamel formation may result either 
from factors of environmental origin or from ge-
netic abnormality. such genetically determined 
enamel malformations have been described in pa-
tients with chromosomal anomalies and with inher-
ited single gene defects (1,2).

Enamel is a principal component of the denti-
tion, and defects in this hard tissue are associated 
with a wide variety of diseases. Dental enamel is 

the epithelial-derived hard tissue covering the 
crowns of teeth. It is the most highly mineralized 
and hardest tissue in the body. Dental enamel is 
acellular and has no physiological means of repair 
(2,3).

Amelogenesis imperfecta is a malformation 
group of enamel structure and its clinical image 
varies according to the type and the gravity of the 
condition. The prevalence of the condition has been 
studied in only a few population groups and it has 
been reported to range from 1/700 to 1/15,000, 
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while it depends on the population groups on which 
the study is conducted and on the diagnostic crite-
ria (1,2,3).

The development of human enamel involves a 
complex series of events including the secretion 
and degradation of a unique extracellular matrix. 
Ameloblasts progress through a succession of cel-
lular phenotypes executing specialized secretory 
and regulatory functions. When performing opti-
mally, ameloblasts produce a highly structured and 
mineralized tissue (4,5,6). Given the elaborate de-
velopmental events required for normal enamel 
formation, it is not surprising that a variety of 
enamel malformations arise from defects in matrix 
synthesis, secretion and extracellular processing. 
Normal matrix secretion and post-secretory pro-
cessing by ameloblasts can be affected by a variety 
of hereditary and environmental conditions 
(7,8,9,10).

Normal matrix secretion and post-secretory pro-
cessing by ameloblasts can be affected by a variety 
of hereditary and environmental conditions. These 
disturbances can result in an abnormal amount and/
or composition of matrix proteins, and subsequent-
ly, an altered enamel structure and/or mineral con-
tent (2,7,9).

This process of amelogenesis is accomplished 
through a temporally restricted and highly regulat-
ed series of events that include development of a 
specific extracellular matrix, matrix processing, 
and controlling the microenvironment of the devel-
oping enamel tissue (10,11). These processes are 
highly regulated at the molecular level, with amelo-
genesis ultimately involving thousands of genes 
and their products. 

Amelogenesis imperfecta (AI) is a group of ge-
netically and phenotypically diverse forms of de-
fective tooth enamel development (11,12,13,14) 
Progress has been made regarding the definition of 
the genetic basis of Ai, but the exact mechanism for 
the biomineralization process remains largely un-
known.

Amelogenin is expressed in pre-ameloblasts, 
ameloblasts and in the epithelial root sheath rem-
nants. A low level of amelogenin expression has 
been recently reported in odontoblasts . The vari-
ous isoforms of amelogenin that are involved in the 
formation of the enamel matrix prior to enamel 
mineralization represent about 90% of the enamel 

matrix (2,3,15,15). ENAM is expressed predomi-
nantly by the enamel organ and at a low level in 
odontoblasts. Genetic alterations also can affect 
enamel formation through secondary actions or dis-
tresses that do not involve ameloblast dysfunction 
caused by gene expression of the ameloblast 
(14,15,16). Through a variety of diverse processes, 
genes that are transiently or not expressed by ame-
loblasts can result in altered enamel development. 
Genes expressed by the ectomesenchyme or its de-
rived odontoblast cells appear to be critical for sig-
naling the ameloblasts, and abnormalities in this 
process could result in aberrant ameloblast function 
(14,17). This may well occur in certain cases of 
dentinogenesis imperfecta type II (oMIM 125490) 
caused by DSPP mutations that display enamel de-
fects in addition to the more typical dentin defects. 
interrogation of databases of human mutations can 
provide insights into the molecular etiologies as-
sociated with developmental defects of human 
teeth.

The list of genes associated with enamel defects 
has grown tremendously over the past decade. The 
molecular pathways involved in the development 
of enamel defects are diverse, and the functionality 
of the genes and gene products is heterogeneous. 
Syndrome-associated enamel defects are caused by 
many genes that affect other tissues, including eye, 
kidney, brain, and skin, to name just a few. Identifi-
cation of the genes associated with developmental 
defects of enamel has been extremely informative 
in helping advance our knowledge of the molecular 
control of enamel formation and how genes and 
gene products can have diverse functions in differ-
ent tissues.

Molecular-genetic basis of amelogenesis 
imperfecta 

Amelogenin (product of AMELX, AMELY 
genes found in X and Y chromosomes). Multiple 
mutations in the AMELX gene in humans are con-
nected to amelogenesis imperfecta. 15 mutations of 
this gene have been reported. Amelogenin AMELX 
Xq22 and AMELYyp11 genes are critical for nor-
mal thickness and structure. About 14 mutations, 5 
nucleotide substitutions, 7 small deletions, and 2 
gross deletions have reported in amelogenin gene. 
The mutation destroys the normal functions of am-
elogenin, producing enamel of normal thickness 
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but poorly mineralized and discolored. Enamelin 
The largest extracellular matrix protein produced 
by ameloblast is enamelin (4,8). The enamelin gene 
mutation occurs in autosomal dominant forms of 
hypoplastic Amelogenesis imperfecta

Ameloblastin (product of AMBN gene found in 
chromosome 4, 4q21). The AMBN gene is another 
candidate gene for the autosomal dominant type of 
amelogenesis imperfecta.

Enamelin (product of ENAM gene found in 
chromosome 4). Mutations of the enAM gene are 
associated with the autosomal type of inheritance 
of amelogenesis imperfecta 13,14. The enamelin 
gene has 10 exons, 8 of which are encoded 14

enamelysin (MMP20 gene found in chromo-
some 11). Enamel mutations are associated with 
the autosomal recessive type of inheritance of am-
elogenesis imperfecta (8,11)

Kallikrein 4 (KlK4 gene found in chromosome 
19). Mutation of kallikrein 4 is associated with au-
tosomal recessive mode of inheritance of amelo-
genesis imperfecta

FAM83H (product of FAM83H gene found in 
chromosome 8q24): mutations on this gene may 
cause a disorder in mineralized enamel elements It 
is found in chromosome 8q24 and has been identi-
fied as causative of type III amelogenesis imper-
fecta in an autosomal dominant mode (11,14)

A novel ADAI locus was mapped to a 2.1 Mb 
interval on chromosome 8q24.3 region. There are 
60 known genes in this interval, and 32 hypotheti-
cal genes and expressed sequenced tags. Several 

strong candidate genes in this region included 
ePPK1, lOc392275, GrinA, slc39A4, GPAA1, 
CoMMD5, vPS28, FoXH1, ZNF34 and ZNF517. 
The gene lOc392275 seemed like a strong candi-
date since a deletion of the related Smpd3 gene in 
the mouse resulted in osteogenesis and dentinogen-
esis imperfecta (18)

The clinical significance of enamel and dentine 
defects is well known but the pathogenesis of the 
defects is still being studied. While the range of en-
vironmental insults that can damage the enamel or-
gan have been identified, the relative susceptibility 
of the enamel organ at the various stages of devel-
opment have not been well researched (11,17,19).

conclusIons

As with enamel defects, early diagnosis and pre-
ventive care are essential for successful manage-
ment of dentine defects. Patients who have a family 
history of dentine defects such as dentinogenesis 
imperfecta or those with medical conditions known 
to be associated with dentine defects such as hypo-
phosphataemia and osteogenesis imperfecta should 
be screened early for dental problems. Enamel re-
search is a multidisciplinary field, and one idea that 
was discussed was a platform where data and re-
sources could be shared in a more efficient way.
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