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Abstract 
Background: Amelogenesis imperfecta (AI) is an inherited tooth disorder. Despite the fact that up to now, several gene 
mutations in MMP20, ENAM, AMELX and KLK4 genes have been reported to be associated with AI, many other genes sug-
gested to be involved. The main objective of this study was to find the mutations in three major candidate genes including 
MMP20, ENAM and KLK4 responsible for AI from three Iranian families with generalized hypoplastic phenotype in all teeth.  
Methods: All exon/intron boundaries of subjected genes were amplified by polymerase chain reaction and subjected to 
direct sequencing. 
Results: One polymorphisms was identified in KLK4 exon 2, in one family a homozygous mutation was found in the third 
base of codon 22 for serine (TCG>TCT), but not in other families. Although these base substitutions have been occurred in 
the signaling domain, they do not seem to influence the activity of KLK4 protein. 
Conclusion: Our results might support the further evidence for genetic heterogeneity; at least, in some AI cases are not 
caused by a gene in these reported candidate genes. 
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Introduction 
Amelogenesis imperfecta (AI) is an inherited dis-
order and affecting tooth enamel formation (1). 
This disorder has been categorized into three main 
groups, hypoplastic, hypomaturation and hypocal-
cified and subdivided fourteen subtypes based on 

phenotype and patterns of inheritance (2). Up to 
now, over  than 300 genes have been reported to 
be associated with tooth development (http://bite-it. 
helsinki.fi) (3). It has been well documented that 
the enamel formation controlled by different bio-
molecules including enamelin (ENAM), dentine sia-
lophosphoprotein (DSPP) amelogenin (AMELX) 
ameloblastin (AMBN), tuftelin (TUFT1), and dif-
ferent enzymes such as kallikrein 4 (KLK4) and  
matrix metalloproteinase 20 ( MMP20)  (4, 5).  
Several gene mutations such as MMP20 (6-8), 
ENAM (8-14),  AMELX (8) and  KLK4 (15) have 
been reported to be associated with the patho-
genesis of AI. The prevalence of AI varies from 1 
in 700 to 1 1in 14,000 in the USA (16). 

In the present study we attempted to identify ge-
netic alterations within three major candidate ge-
nes, MMP20, KLK4 and ENAM responsible for 
hypoplastic AI in three Iranian families. 

 
Material and Methods 
Ascertaining family members 
This study was approved by Institutional Review 
Board (IRB) and informed consent was obtained 
from all affected individuals. The affected patients 
with hypoplastic amelogenesis were diagnosed in 
the dental clinics at the Pediatric Dentistry of Te-
hran University in Iran. The pedigree analysis was 
carried out by Cyrillic 2.1 software. 
Mutation Screening 
In order to perform mutation screening genomic 
DNA was extracted using DNGPLUS kit (Cinna-
gene, Tehran-Iran). Five milliliters peripheral blood 
was collected in test tubes containing 0.5 M EDTA. 
DNA was examined in terms of quality and quan-
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tity using measurement of A260mm and gel aga-
rose electrophoresis, respectively, and stored at 
-20 °C until required. 
PCR was typically performed using 0.2U Taq DNA 
polymerase (Roche, Mannheim, Germany), 10p 
mole of each primer, 200 µM of each dNTPs, 
.0.67µl of 50mM MgCl2, 60ng DNA and 2.5 µl 
of PCR buffer in 25µl of PCR reactions. PCR 
amplifications of exon-intron boundaries of ENAM, 
MMP20 and KLK4 genes were carried out us-
ing 18 primer pairs (Table 1). Thermocycling was 
performed using a Touch-down amplification pro-
gram on an ABI thermocycler. The PCR condi-
tions included an initial denaturation step for 3 min 
at 95 ºC, 30 sec at 95 ºC, 45 sec at 64 ºC with a 
1 ºC decrease every second cycle down to 55 ºC, 
then 55 ºC for 14 cycles, 1 min at 72 ºC for ex-
tension, and finally 10 min at 72 ºC. PCR prod-
ucts were separated on 2% agarose gels and visu-
alized with ethidium bromide. Subsequently, to 
determine any mutation PCR product was sub-
jected for direct sequencing (Gene Fanavaran, Iran). 
Sequence data searches were performed in non-re-
dundant nucleic and protein databases BLAST 
(http://www.ncbi.nlm.nih.gov/BLAST). 
 
Results 
The probands were affected with AI from two 
Iranian consanguineous (first-cousin) families (Fig. 
1A, Fig. 2 and Fig. 3). All affected and siblings 
were born after a normal term pregnancy. The af-
fected individuals represented hypoplastic amelo-
genesis imperfecta with yellow-brown discol-
oration and evidence of pathological enamel loss 
during wear and fracturing. Affected individuals 
were clinically and radiographically examined and 

showed no signs and symptoms of any syndromic 
indication. In addition, dental examination of the 
parents and unaffected siblings showed no evidence 
of any enamel defect and any syndromic signs.  
PCR products from subjected regions (intron/exon 
junctions) of ENAM, KLK4 and MMP20 genes 
were carried out (as described in materials and 
methods), subsequently subjected for direct PCR 
sequencing. The sequencing data for each frag-

ment was analyzed using Chromas Version 3.1 
software and search performed using BLAST 
(http://www.ncbi.nlm.nih.gov/BLAST). 
Analysis of sequences of affected patients could 
not detect significant genetic alterations in stud-
ied genes correlated with the pathogenesis of AI. 
In family 1, both the primary and permanent denti-
tions in the affected patient showed a yellow/ 
brown discoloration (Fig. 1B).  
Chromatogram of KLK4 DNA sequencing (as 

shown in Figure1D) revealed a homoozygous poly-
morphism in probands from family 1, in which 
guanine changed to thymine in the third base of 
codon 22 in KLK4 exon2. Despite this genetic 
alteration occurred in signal peptide, no amino acid 
substitution happened. This polymorphism can not 
alter restriction enzyme site. 
Fig. 1C indicates the clinical and X-ray examina-
tions of proband from consanguineous family1 and 
reveals structural defect in enamel and spacing in 
teeth. Clinical and radiographic Examinations were 
conducted for other probands of other families and 
showed hypoplastic AI (data not shown). 
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Table 1: List of primers used for mutation screening 

 
PRIMER NAME  PRIMER SEQUENCES PCR PRODUCT 

SIZES (BP)

ENAM
EN1F 5’-CTGTGCCAAGCTTTCTGACA-3’

EN1R 5’-TGTTTGGCCCTCTCAAGTGT-3’

EN45F 5’-CCCCATCCATTTCCATACTC-3’

EN45R 5’-TGATGGCTGGGGAAATTACT-3’

EN6F 5’-TCAGAAATTTTTACACTGGGAAG-3’

EN6R 5’-TGTGAGAGGATAGGGGCAAT-3’

EN7F 5’-GAGGATGGAGACAGCCTGAA-3'

EN7R 5’-CGGGCTGAGGTTGATTATGT-3’

EN8F 5’-GGGAGATGTAGACTCCCAAGTTT-3’

EN8R 5’-TGATGCACTGGTTTTGTTTCA-3’

EN9F 5’-GATCCAGCTGAAGCCTTTGT-3’ 324
MMP20

M1F 5’-CAGGACCTGGAGGAACAACT-3’

M1R 5’-CCAGACACCAATCTAGGTGGA-3’

M2F 5’-CCCTGCCTTACCTGAGCAT-3’

M2R 5’-GCCTGACGGATGGATGTAAA-3’

M3F 5’-CCGGATTATCCCAACTGTCT-3’

M3R 5’-ACTGTGCGAAGGAGGAGTGT-3’

M4F 5’-TGTCAATGCTACTCAAAATGTCC-3’ 312
M5F 5’-AGTTAGGAGAAGGAGATGGG-3’

M5R 5’-CTGATGGGTCTGTGGAATG-3’

M6F 5’-CATGTCCAGCGTGAAAGTGT-3’

M6R 5’-GTCTGGGAGTGGAGATGAGG-3’

M7F 5’-AGTAAGCAGTGCCCCTCTC-3’

M7R 5’-AAACAAGGCAAGGCAAGG-3'
KLK4

K1F 5’-GAGTTGAGGCAGCCTGAGAG-3’

K1R 5’-ACAAGGAGTTGCAGGGACAC-3’

K2F 5’-CTGCTCCTGAACCTCTGACC-3’

K2R 5’-ATTCCCATCCCCATCTCCTA-3’
5'-TGACTGCTCCTGAACCTCTG -3'
5'-CCTCGCCGTTTATGATTTG-3’

K4F 5’-GGGGTTGAAGATGAGAATGG-3’

K4R 5’GGCCCTGTGTGTCTCTGTCT-3’

K7F 5’—AAACTGACCTGCCCTCCGT-3’

K7R 5’-TGTCAGACTCGGACACGGA-3’

615

K3F 149

615

195

193

300

266

1000

307

201

470

472

923

523

323

302
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Fig. 1: Pedigree analysis, Clinical characterizations and Molecular Study of Family 1.A. The Pedigree of family 1 showed 

a consanguineous (first-cousin) family with an affected patient. B. Phenotype demonstrating hypoplastic AI. C. 
Radiographic examination indicated lack of tooth enamel in proband. D. DNA sequencing revealed heterozygous 

polymorphism in the codon 22 of KLK4 gene in which G →T at position 64 of mRNA. (NM_004917.3).Arrow indicates 
the proband. 

 

 
 
Fig. 2: Pedigree analysis of two consanguineous (first-cousin) families with affected patients suggested AI with pattern of 

autosomal recessive (A and B). Arrows indicate the probands. 
 



Iranian J Publ Health, Vol. 38, No.1, 2009, pp.4-9 

8 

Discussion 
To date, various enamel related genes such as 
ENAM, AMBN, AMELX, MMP20, KLK4 and 
Amelotin genes have been reported to be impli-
cated in AI. Several studies have demonstrated 
that MMP20 and KLK4 proteins regulate the 
enamel matrix protein processing that determines 
enamel structure and composition. KLK4 is a 
member of serine protease superfamily and its 
mutated forms have been reported which lead to 
some human autosomal recessive disorders. 
We found a base substitution in codon 22 of KLK4 
in one affected patient. However, direct PCR se-
quencing could not detect any gene mutation in 
previously reported genes. In consistent with our 
results different studies also, failed to show any 
genetic defect in this disorder (8, 13, 15). In this 
regard, Santos et al. studied mutation detection in 
current candidate genes responsible for AI in two 
Brazilian families and they could not identify any 
mutation. Recently two new loci  for AI have been 
identified (15, 17). Kim et al. (8) studied 24 fami-
lies with non-syndromic enamel defects and they 
found only six disease-causing mutations in the 
AI candidate genes. 
An accumulation of evidence suggested the in-
volvement of other genes in the pathogenesis of 
AI. More recently, Lee et al. detected  several non-
sense mutations in the last exon of FAM83H (18). 
However, the mechanism by which FAM83H 
mutation acts in pathogenesis of AI reminds to 
be identified. Taken together, these results sug-
gested that the other genes and/or other mecha-
nism such as epigenetic factors could contribute 
to the etiology of AI. It is quit acceptable that 
epigenetic is one of the most important factors that 
act in different ways including packaging of chro-
matin, DNA methylation.   
Although the base substitutions reported in our 
study occurred in signal peptide of KLK4, they 
do not seem to influence the modification or ac-
tivity of KLK4 protein. Several lines of evidence 
supported that polymorphism could play a critical 
role in pathogenesis of human diseases. The bio-

logical function of the KLK4 polymorphisms is un-
known; therefore, further studies need to be done. 
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