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Abstract 

Amelogenesis Imperfecta (AI) is an abnormal disease that occurs in hard tissue 

of teeth. Clinical features of Amelogenesis Imperfecta look like immature enamel that 

looks like hypomaturation. The etiology of AI is influenced by the TGF-β1 factor which 

is disturbed during the formation and development of enamel, one of which is caused by 

the presence of ENAM gene mutations. Further research on genetic history in the family 

and biomineralization of the formation of  enamel important to be developed later. 
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Introduction 

 Tooth enamel is the hardest tissue in the body, consisting of more than 98% 

minerals and less than 2% organic matrix and water, produced by deferred special cells 

known as ameloblast. 1 Enamel opacity is a qualitative enamel loss, involves changes in 

the translucency of the enamel and may appear white, yellow or brown in color. Enamel 

hypoplasia is a quantitative defect associated with reduced thickness of enamel. 

Amelogenesis imperfecta can be a form of enamel development defect. 2,3,4 

Enamel defects can also be caused by combination factors. There are more than 90 

different factors that may be responsible for causing enamel development defects. Only 

a small percentage of these factors have been confirmed as factors that are directly 

responsible for causing developmental defects.5,6 The possible etiological factors for 

enamel developmental defects in permanent teeth can be broadly divided into two main 

categories: namely with local distribution (in the form of trauma, infection, irradiation) 

and with general distribution (genetic disorders, environmental factors, intoxication, 

malnutrition, perinatal problems or post natal, infection with a disease or a systemic 

condition).7 

The formation of enamel can be separated into an initial stage involving secretion of 

matrix proteins such as amelogenin, ameloblastin and enamelin, and the subsequent 

stages of enamel mineralization and maturation, although this process can be present 

simultaneously during tooth development.8,9 Production and secretion of enamel 

proteins through relative gene expression  on ameloblasts. The instruction signal which 

controls the transcription of amelogenin occurs before or during the initial stage.10 

Amelogenesis Imperfecta can be inherited as a mutation in the gene that codes for the 

enamel protein. Mineralization is the key to the formation of enamel, and significant 
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progress in understanding amelogenesis will be achieved by gaining a better 

understanding of the molecular events occurring in enamel mineralization.10 

The autosomal dominant AmelogenesisImperfecta (ADAI) is the most common form of 

AmelogenesisImperfecta in the general population and has been associated primarily 

with mutations in the ENAM gene that encodes for enamelin protein. Enamelin is a 

specific acid protein that is expressed primarily by ameloblasts at the secretory stage. 11 

The secretory stage is the deposition of an organic matrix (preenamel formation) and 

partial mineralization of all enamel thicknesses. 12ENAM is located on 4q chromosome 

13.3 and has 10 exons, 8 in some of which have been encoded.13 The first mutation 

identified in the ENAM gene causes an autosomal dominant AmelogenesisImperfecta 

with severe hypoplastic phenotype as a result of aberrant negative effect.14,15 Autosomal 

regression is also reported to cause ENAM gene mutations.16 The diagnosis of 

AmelogenesisImperfecta is very important. It can be based on symptoms, family history 

and clinical examination such as gene examination. Genetic tests for abnormal 

chromosomes although accurate; only as a research tool and clinical significance is still 

very poor because it is accurate inspection and gene mapping is needed.17 

Determining the specific genotypes of Amelogenesis Imperfecta and phenotypes 

associated with pre-treatment Amelogenesis Imperfecta is important to optimize the 

prevention, treatment, and recovery of amelogenesis.12,18,19 By studying the results of 

various restorative procedures for each genotype / phenotype condition, dentists can use 

gene-based diagnosis to choose the most optimal treatment approach so that it can 

restore the state of the teeth in the best way.17,18Predictive methods for determining 

genes that may be damaged, related to the patient's dental phenotype will be useful for 

alternative treatments.20 

TGF-β1 

Role of Transforming Growth Factor TGF-β1is a signaling molecule that 

induces cell proliferation, cell differentiation, chemotaxis and apoptosis in monocytes 

and epithelial, mesenchymal and neuronal cells.21TGF-β1 signaling machines, including 

transmembrane receptor type serine kinases, occur in the central nervous system. There 

are 3 TGF-β1 mammalian subtypes that have different distributions in the nervous 

system that show different nerve functions. TGF-β1 has a multifunction whose nerve 

function is increasingly recognized.22 

TGF-β1 gene expression was observed during the process of enamel formation. 

TGF-β1 is found in both mature enamel, and its activity tends to decrease when 

immature enamel transition to mature enamel. The in vitro studies have shown that 

latent TGF-β1 is activated by matrix metalloproteinase (MMP20), and activated TGF-

β1is degraded by kallikrein-4 (KLK4).23KLK4 mRNA levels are significantly reduced 

in teeth along with a slight increase in MMP-20 levels, indicating that maturation of 

normal enamel is regulated by TGF-β1which signifies through KLK4 expression. TGF-

ß signaling plays an important role in ameloblast function and maturation of enamel.24 

Enamel protein is further degraded by KLK4, which is expressed by ameloblasts and 

the maturation stage.25 

The complicated autocrine system of TGF-β1during enamel formation by 

showing gene expression, activation, inactivation, protein-protein interaction and TGF-

β1 signaling induction during amelogenesis at both protein and genetic levels.23 In 

rodents, TGF-β1is expressed developmental and mature ameloblasts and also detected 

in the inner dentition before enamel matrix secretion.26TGF-β1is expressed during 
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enamel organ differentiation and initiation of matrix secretion in human teeth. Hidden 

transcription of TGF-β1 is expressed throughout the enamel formation.27  

 

TGF-β1influence ENAM gene 

The literature reports several genes associated with enamel formation features: 

amelogenin (AMELX), enamelin (ENAM), KLK-4, enamelysin or MMP-20, the 

ameloblastin gene, and recently identified DLX3, FAM83H, WDR72, and 

SLC4A4.28The ENAM encodes the matrix proteins involved in the formation of 

enamel; it is located on chromosome 4, in position 71859495-71777517 from 

NM_031889 sequence. Enamelin is involved in enamel formation and is incorporated in 

crystals formed in enamel prisms and between them. Physical properties depend on 

enamel gene expression along with the amelogenin and ameloblastin genes.28Mutations 

in the development regulating gene (TGF-β1) are associated with dental development 

defects, at the morphodifferentiation stage is the stage of tooth formation that can cause 

an enamel defect.29 

ENAM gene mutations in local hypoplastic Amelogenesis Imperfecta show that 

different mutations in the enamelin gene can lead to different clinical variants of local 

hypoplastic enamel and are smooth and thin from relatively small local defects to 

serious types of hypoplasia. 12,30The dominant mutation in ENAM genes also can cause 

an intermediate phenotype ("hypoplastic located") in which horizontal grooves and 

holes surround the enamel in the cervical third of a tooth with a high caries level. 12,31,32 

There are five different disease-causing mutations that have been identified  in 

ENAM, which are explained by the standard nomenclature, the determination of 

mutations based on the predicted effects on the translation of enamel proteins: p. K53X; 

p.M71-Q157del and p.A158-Q178del; p.N197fsX277; and p.P422fsX448.32The 

enamelin gene has been mapped on chromosome 4 as the ameloblastin gene (only 15 kb 

separates these genes), indicating that this region can contain a group of genes that 

encode enamel proteins. The first human enamel mutation was reported to be a single 

donor intron 7 base substitution site, substitution in exon 4, introducing premature 

codon stops. Recently, donor site mutations after enamelin codon 196 have been shown 

to cause autosomal dominant hypoplastic AI.33 

 

 

Mutation analysis ENAM 

ENAM or enamelin provides instructions for making a protein called enamelin, 

which is important for normal tooth development. At least seven mutations in the gene 

have been identified in humans with autosomal dominant ENAM genes from 

Amelogenesis Imperfecta. autosomal dominant derivative means that one copy of the 

ENAM gene in each cell changes. Some mutations reduce the amount of enamelin 

produced by genes, while other mutations cause production to become 

abnormal.34Enamelin mutations cause hypoplastic forms of autosomal-dominant and 

recessive AI, with the phenotype ranging from relatively minor localized enamel pitting 

to severely hypoplastic enamel.35 ENAM is located on chromosome 4: base pair 

71,494,460 for abnormal and has been reported a novel enamelin gene 

mutation(g.4806A>C, IVS6-2A>C), and the third identification of the 

g.8344delGdefect, which provides further evidence of this being a mutational "hot 

spot"in the enamelin gene.34,35 
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The ENAM gene is sequenced as the most likely candidate gene in this AI 

family because of the general hypoplastic phenotype that has been previously associated 

with somedifferent ENAM mutations. The limit of exon and exon / intron from ENAM 

gene is amplified by PCR using foward and reverse primers. 36,37Beside using PCR the 

ENAM  gene has been mapped within this locus by Radiation Hybrid Analysis (RHA) 

and Fluorescent In SituHybridization (FISH), and was therefore considered a candidate 

gene for this type of AI.38. 

ENAM mutations that have been identified in this type of AI have about 7 

types.39 Enamelin consists of the largest enamel protein and also the least of the three 

main forming proteins in the development of enamel. Enamel gene mutation in ENAM 

is a causative factor for X-link, autosomal dominant and mutation in N-terminal cause 

mutations AI.31,32,39,40 

 

Advanced research on ENAM genes as a cause of Amelogenesis Imperfecta 

Further research on the ENAM gene is very important to be developed because 

of the strength of research and strategic gaps in the knowledge portfolio to synthesize 

this information towards recommendations for future progress. Enamel gene research 

can be ENAM genetic research and email biomeralalization studies.41 

1. Genetic research of ENAM 

In recent years, the correlation between AI and several genes that encode certain 

enamel proteins has been suggested for molecular research and mutation 

analysis. ENAM gen cause hypomaturation and hypoplasticAI with the 

autosomal pattern of inheritance.20 ENAM is an enamel protein, genetic testing 

for ENAM mutations can be examination of enamelin, the largest of EMP in the 

form of specific acid proteins expressed mainly by secretory stage ameloblasts.42 

2. Biomineralisation research 

Biomineralization research in dental development is now highly developed and 

provides a new molecular entry point that will enable researchers to describe 

new genetic pathways that regulate the biomineralization like FoxO1 and Smad3 

act together to regulate the general repertoire of genes needed for maturation of 

complete enamel process which may also have significance for studies in human 

dental diseases such as amelogenesis imperfecta..43 

The mechanism of mineralization is the key to enamel formation, and significant 

progress in our understanding of amelogenesis will be realized by gaining a 

better understanding of molecular events that occur early in enamel 

mineralization.44 

 

Conclusion 

Amelogenesis Imperfect is a disorder caused by gene mutations. Gene mutations 

that occur due to the regulation of TGF-β1 are disrupted resulting in gene mutations, 

one of the mutations that occur regarding ENAM genes that affect chromosome 4. 

Examination of ENAM gene mutations can be done by genetic examination in 

individuals and in experimental animals. It is expected that in the future Amelogenesis 

Imperfecta can be predicted by gene examination and email biomineralization so that 

the incidence of Amelogenesis Imperfecta can be prevented and treatment becomes 

better. 
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