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Abstract

Dental caries is a very common, intricate, and multidimensional illness which is influenced by the host's microbiological, genetic,
environmental, and socioeconomic factors. Research conducted on humans has indicated that caries may be caused by genetic
variations in the genes that form enamel and how those variations interact with the levels of Streptococcus mutans. To determine
the relationship between selected single nucleotide polymorphism (SNP) in AMELX gene and (streptococcus mutans) with caries
susceptibility at a group of children from Egypt. This case control study, rs 5934997 in AMELX gene was studied in 54 children
with deciduous teeth from 4 to 6 years. Children are allocated in 2 groups, Group A patients (children with dental caries) and group
B controls (caries free children). Oral swab and saliva samples were collected for molecular and microbiological evaluation. SNP
marker (rs5934997) was genotyped. Streptococcus mutans count revealed that Group A were significantly more than Group B.
Positive correlations which were statistically significant found between TT genotype of rs5934997 in AMELX and presence of
dental caries as comparison between both groups revealed that mutant TT genotype in group A (48.1%) was significantly higher
than group B (0%). Regarding allele frequency C allele in group B (control) 77.78%was significantly greater than group A (patients)
31.48%. Significant association of both CT and CC genotypes with Strepfococcus mutans count was found in both groups.
rs5934997 marker SNP in AMELX gene may be considered as one of the risk factors for occurrence of dental caries in children
from Egypt.
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1. Introduction

Dental decay is a very common, intricate, and represent 80% of the initial invaders during early formation

multidimensional illness which is influenced by the host's
microbiological, genetic, environmental, and socioeconomic
factors. It is the consequence of the dentine and dental
enamel's ongoing localized demineralization. Caries can
affect people of any age, but research indicates that early
exposure to the cariogenic Streptococcus mutans in newborns
and early children may exacerbate existing lesions and
increase the risk of developing new ones. Furthermore,
although caries is becoming less common in some countries,
it still affects 60-90% of children globally, with developing
nations being the most affected [1-2]. Oral Streptococci
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of biofilm but only account for 20% of the oral biofilm's
supragingival bacteria [1]. Dental caries may be more
common in some patients than in others, even though the
same environmental factors are present for them; these
variations may be caused by genetic components in dental
caries etiopathogenesis. Recent research has increased the
likelihood that genetic factors and dental caries are related.
Dental caries arises from complex interactions between
environmental and genetic factors [3]. There is proof that
there is a hereditary component to caries susceptibility, and
research on humans has indicated that genetic variants in the
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genes that form enamel and their interaction with the levels
of Streptococcus mutans may be responsible for caries [4].
Research assessing genetic variation and its relationship to
dental decay has been suggested in the hopes that novel
findings will result in creative methods for preventing the
disorder [3]. Dental enamel, the hardest biological tissue on
human teeth is essential and fundamental component of the
tooth. It is primarily responsible for overcoming food
resistance, preventing masticatory pressures. Ameloblasts are
cells that form enamel and are derived from ectoderm [5].
Genetics governs both odontogenesis and amelogenesis;
genetic diversity affects the microhardness, size,
morphology, color, and shade of enamel as well as the
likelihood of caries [6]. We hypothesize that human caries
susceptibility is partly due to genetic variants in genes
involved in enamel formation. As a result, we looked into
genetic markers in previously identified genes related to
enamel formation. It has been reported that the development
of dental caries is influenced by three common genes:
amelogenin X (AMELX), enamelin (ENAM), and
lactotransferrin (LTF) [7]. The amelogenin is encoding by
AMELX gene. Amelogenins are required for the
hydroxyapatite prism to form properly, for the prisms to
elongate during the development of enamel, and for the
production of normal enamel thickness [7]. The primary
protein of dental enamel, amelogenin, is produced by the
crucial gene AMELX during amelogenesis secretion stage.
Enamel microstructure exhibits unique variations due to
AMELX polymorphisms. As a result, these polymorphisms
are essential for controlling enamel thickness and
mineralization [7].

Therefore, we aimed to evaluate the role of genetics in dental
caries through studying the association of polymorphisms of
this gene and dental caries risk.

This study was aimed to evaluate the association between
AMELX gene single nucleotide polymorphisms, the
microbial causing agent of dental caries (streptococcus
mutans) and dental caries susceptibility in a group of children
from Egypt.

2. Materials and methods

A total sample size of 54 (27 in each group) was
adequate to identify an effect size = 0.38, with an actual
power (1-B error) of 0.8 (80%) and a significance level (o
error) 0.05 (5%) for two-sided hypothesis test [8]. Study
participants were chosen from children visiting the outpatient
clinic of Pedodontics and Oral Health Department, Faculty of
Dental Medicine for Girls, Al-Azhar University and children
attending day nurseries located in Cairo, Egypt. A total of 54
subjects (age 4-6 years old) participated in this study. They
were screened depending on the following eligibility criteria.

2.1. Inclusion criteria [8]

1. Age range of children should be from 4-6 years.

2. Children with dental caries and incipient carious lesions
whom were diagnosed > Code 1 according to ICDAS
scoring system, and they were classified as the study
group (“cases”). Children who were free of the disease
(Code 0), and had no filled teeth, will be classified as
(“controls”).

3. Children whose parents gave their informed consent.

4. Egyptian children.
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2.2. Risks and Benefits of the study

Benefits for the child:

After conducting the study, the parent was informed of the
extent of his child’s susceptibility to caries, and the patient
was completely treated for caries in all of his teeth.

Scientific benefits of the study:
Based on the results of the samples for each child, it was
determined whether the child needed additional preventive
measures to avoid tooth decay.

Risks of the Study:

No risks or side effects for the study.

Written consent was given to the Parents of children for an
oral swab and saliva sample as well as a dental examination
(Fig.1). Each child voluntarily participated in the study.

2.3. ldentifying caries phenotype

Caries was identified by performing a visual
inspection, a probe and dental mirror was used to be sure of
the change. It was performed from July to August 2023 by 1
calibrated and trained pedodontist. Caries's condition was
evaluated by international Caries Detection and Assessment
System Il (ICDAS I1I) [9-10]. Patient were split into two
groups. (27 patients each group) following ICDAS Il Scoring
System. Group (A): Subjects with dental caries whom were
diagnosed with at least one tooth from Code 1 to Code 6
according to ICDAS Il Scoring System, and they were
categorized as "cases" or the study group. Group (B):
Subjects who were free of decay (Code 0 according to ICDAS
I Scoring System), and had no filled teeth, were classified as
(“controls”).

Dental evaluation looks for the presence of teeth with
carious cavities according to ICDASII Scoring System. Oral
swabs for DNA extraction and saliva samples for
microbiological culture were collected during the
examination.

2.4. Saliva sample collection

Each child had a sample of their unstimulated saliva
taken. Before saliva collection, each child was instructed to
fast for at least an hour without eating, drinking, or using any
oral hygiene products. Each child's saliva was collected in a
labeled graduated centrifuge tube (a Citotest centrifuge tube),
which was then brought to the microbiology department for
microbial culturing. 0.2 units of bacitracin per milliliter and
20% sucrose were added to mitis salivarius agar to create
mitis salivarius-bacitracin (MSB) agar. An inoculated
platinum loop was used to remove streaks of saliva from the
specimen onto MSB agar plates after the MSB agar plates had
been prepared. After inoculation all plates were put in a
candle jar and incubated anaerobically at 37°C in Binder
BF400 incubator (Binder Tuttlingen, Germany) for 24 hours.
After incubation the colonies on MSB were identified
according to colony morphology where they formed dark
blue colonies with raised rough surfaces and differentiated by
gram staining ®Y. For the gram staining of mutans
streptococci showed up as chains of gram-positive cocci
(Fig.2). The viable count technique was used to count the
number of cells, and the subsequent equation was used:
Number of colonies/ml (CFU/ml) = Number of colonies
counted times the reciprocal of the dilution times reciprocal
of the cultured volume (ml)
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Fig.2: Streptococcus mutans under light microscope

2.5. Oral swab collection

Each subject received a sterile pack of oral swab.
Rubbing the cheek from the inside was done for 15 seconds
(approximately 20 brushes) for each side of the cheeks and
after that the swab was put inside the 1.5 mL Eppendorf tube
that contains DNA extraction lysis buffer. After that, we cut
off the plastic stick and the Eppendorf tube was put at +4 °C
in a movable refrigerator till extraction of DNA.

2.6. DNA Extraction

Extraction of genomic DNA from the swab was
done the same day of collection by the column system using
Quick-DNA™ Miniprep Kit, ZYMO RESEARCH.USA
following manufacturer’s guidelines then DNA samples
frozen in -20°C until analysis.

2.7. Molecular Analysis and Genotyping

Genotyping was done for one known to date from
the literature single nucleotide polymorphism (SNP) in
AMELX (rs5934997), that has been implicated in the
susceptibility to caries in previous studies. rs5934997
genotyping was performed by real-time polymerase chain
reaction (PCR) using TagMan probe assay system (Applied
Biosystems), in which 2 probes — each for one allele in a two-
allele system —distinguish between two polymorphic variants.
The 96-well optical reaction plates were used for quantitative
real-time PCRs using the Light Cycler® 480 Instrument 11
(Roche), according to the instructions of the manufacturer
instructions. For each sample reactions were done in a 10 pL
total volume of reaction, using 5 pL of TagMan genotyping
master mix, 1.25 pL ofx20 probe and SuL. of DNA (up to
50ng of high quality DNA per reaction). The cycling
conditions began with an initial denaturation at 94°C for 15
minutes then 40 denaturation cycles at 94°C for 20 seconds.
Annealing/extension at 55°C for 1 min. The outcomes were
displayed as an increase in either just one of the two dyes—
FAM or VIC, separately—or from both dyes simultaneously.
The presence of one allele (homozygous) or two alleles
(heterozygous) was indicated [12].
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2.8. Statistical analysis

Microsoft Excel 2016 was used to conduct the
statistical analysis along with SPSS 20®, Graph Pad Prism®,
and. The chi-square test was used to calculate the genotypes
that were obtained for the study using the TagMan probe
assay. Using the Mann-Whitney test, the frequency of allele
and genotype for SNP were assessed and compared between
the study and control groups. Odds ratio values (OR) were
were assessed and p < 0, 05 considered as statistically
significant. Shapiro Wilk and Kolmogorov Normality Test
were used to determine the normality of all quantitative data,
which were then presented as minimum, maximum, means,
and standard deviation (SD) values. All qualitative data were
displayed as percentages (%) and frequency (N).

Statically tests used: Shapiro Wilk and Kolmogorov were
used for normality exploration, Mann Whitny's test to
compare between different groups regarding quantitative
data and Chi square test in qualitative data comparisons.

2.9. Ethical Committee approval

The Research Ethics Committee (REC) of the
Faculty of Dental Medicine for Girls at Al-Azhar University
approved the study, (approval no:REC-PE-23-16-b)

3. Results

A total of 54 children were enrolled in the study (27 in each
group). Group A (children with dental caries) included 14
females (51.9%) and 13 males (48.1%) with average age 5.29
+ 0.82. on the other hand, group B (caries free children) 15
were males (55.6%) and 12 females (44.4%) with average age
6.63+ 2.73.

3.1. Microbiology results

Results of Streptococcus mutans count in terms of
(CFU) showed that Group A was significantly more than
Group B as P« 0.0001. The mean S. mutans count was (40.41
+21.98) and (6.75 + 2.86) in Group A and Group B
respectively.
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Comparison between group A and B was done by using
Independent t test which showed that Group A was
significantly higher than group B in male, female, and overall
as P<00001.

3.2. Molecular results

The molecular results for the SNP assay was
displayed as a rise in the fluorescent signal from either both
dyes simultaneously or just 1 of the 2 dyes (FAM or VIC,
separately) (Fig.3) It indicated whether there was a
homozygous (single allele) or heterozygous (two alleles)
condition.

3.3. Genotyping
Rs5934997 genetic marker in AMELX gene

Molecular analysis revealed the presence of SNP in
group A as homozygote mutant TT genotype in 13 patients
out of 27 (48.1%), heterozygote CT genotype in 11 patients
(40.7%) and homozygote normal CC genotype in only three
patients (11.1%). With T and C allele frequency as 68.52%
and 31.48% respectively. On the other hand group B revealed
the absence of TT genotype, 12 out of 27 (44.4) were CT
genotype and 15 out of 27 (55.6%) were CC genotype.
Comparison between both groups revealed that the
homozygote mutant genotype TT was significantly higher in
group A (48.1%) than group B with p value P<0.0001. In
group A, homozygote normal CC genotype (11.1%) was
significantly lower than in group B (55.6%) with p value
P=0.0007. There was insignificant difference between group
A (40.7%) and group B (44.4%) regarding CT genotype.
Distribution of different rs 5934997 genotypes in the two
groups were showed in table (1) and (Fig. 4). Comparison of
both groups regarding the alleles frequency revealed that The
T mutant allele in group A (68.52 %) was significantly more
than in group B (22.22%) with p value P=0.0007 .The C
normal allele in group A (31.48 %) was significantly lower
than group B (77.78%) with p value P<0.0001. Distribution
of different rs 5934997 genotyping alleles in both groups
were presented in table (2) and (Fig. 5). Regarding
Distribution of different genotypes in rs 59349970f both
groups among gender comparison between both groups
revealed that in males TT mutant genotype was significantly
higher in group A (53.8%) than group B (0%) with p value
P<0.0001. The same in females TT mutant genotype was
significantly higher in group A (42.9%) than group B (0%)
with p value P=0.0002. Regarding CC homozygote normal
genotype in males group A (7.7%) was significantly lower
than group B (66.7%) with p value P<0.0001.While in
females CC normal genotype was significantly lower in group
A (14.3%) than group B (41.7%) with p value P=0.02.There
was insignificant difference between males and females
regarding CT genotypes.

3.4. The association results between different genotypes and
Streptococcus mutans count.

Comparison between group A and B was done by using
Independent t test which proved the significant association of
both CT and CC genotypes with Streptococcus mutans count
thus CT heterozygote was significantly higher in group A
(34.64 £ 12.61) than group B (7.33 + 2.90) with p value
P<0.0001.CC  Homozygote normal genotype CC
Homozygote normal genotype was significantly in group A
(75.0 £30.41) higher than group B (6.07 £ 2.55) with p value
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P<0.0001. Mean and standard deviation of Streptococcus
mutans count regarding group A and Group B were presented
in (table 3) and (Fig 6).

4. Discussion

Dental caries is a contagious condition with
numerous host and environmental contributing factors due to
its multifactorial nature. Through their impacts on the
mineralization and structure of enamel, whether direct or
indirect, these factors may have an impact on the
susceptibility to caries [11]. More than 600 distinct bacterial
species can be found in the oral cavity, with Streptococcus
mutans being the most common colonizer that causes dental
caries [13]. Numerous epidemiological research have
conclusively shown that S. mutans is positively correlated
with the caries prevalence [14]. Dental caries arises from
complex interactions between environmental and genetic
variables. The role of genetics in enamel development has
become more apparent in recent years. Numerous studies
show that human dental caries susceptibility is influenced by
genes involved in enamel development [3-9]. According to
genetic studies, caries may be caused by genetic variants in
the genes that form enamel and how those variants interact
with the levels of Streptococcus mutans [4]. Our study is
carried out on children aged from 4 to 6 years as in primary
teeth, demineralization is more rapid than in permanent teeth
and the progression rate of caries varies between primary and
permanent dentition [11]. Ranging in age from four to six
years, the case and control populations under examination
were well matched. Additionally, because all of the children
in the group were from Egypt, there were no differences in
their demographic, ethnic, or regional makeup. This study is
restricted to children from Egypt and as we know, our study
is the first conducted on such a homogeneous population in
Egypt regarding the genetic component of dental decay.
Significant advancements have also been made in human
genome mapping, which displays the location of specific
genes on chromosomes. Consequently, it became possible to
identify the genes that contribute to an increased
susceptibility to caries [6]. Data from the literature suggests a
potential link between dental caries occurrence and the genes
that produce distinct enamel proteins [12]. Dental enamel is
the most highly mineralized tissue and is derived from
epithelial cells. Despite its hardness, dental caries, an
infectious disease, can quickly erode enamel. Once the
enamel is impacted by the carious process, it might not
recover. Ameloblasts in the secretory stage secrete matrix
proteins specific to enamel, including amelogenin, enamelin,
and ameloblastin, which are essential for appropriate
mineralization of enamel [15]. The synthesis of tooth enamel
is the result of numerous chemical and physiological
processes, including mineral growth, protein secretion,
folding, assembly, degradation and also gene expression. The
extracellular proteins that are positioned between the
ameloblasts and dentin regulate the orientation, organization,
and start of crystal formation in the enamel.

The cells that make enamel, known as ameloblasts,
originate from epithelial tissue. Proteins that are produced
and secreted by ameloblasts during the secretory stage are
exchanged for calcium and phosphate during the maturation
stage of the enamel matrix. Amelogenin and non amelogenin
proteins comprise the majority of secretory proteins.
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Fig. 3: Results showed on end point fluorescence scatter plot for rs5934997

Table 1. Distribution of different genotypes in rs5934997 marker in both groups, comparison between them using Chi square test

Group A Group B
Genotype P-value
N % N %
CcC homozygote normal 3 11.1% 15 55.6% 0.0007**
rs 5934997 CT heterozygote 11 40.7% 12 44.4% 0.76 ns
TT homozygote mutant 13 48.1% 0 0.0% <0.0001 **
N: frequency, %: percentage, Ns: non-significant difference as P>0.05.
*Significant difference as P<0.05.
** Highly significant difference as P<(0.001.
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Figure 4. Bar chart showing Distribution of different genotypes in rs5934997 marker in both groups.

Table 2. Distribution of different alleles in rs5934997 marker in both groups, comparison between them using Chi square

test
Group A Group B
Genotype P value
N % N %
C Normal 17 31.48% 42 77.78% <0.0001 **
rs 5934997
T Mutant 37 68.52% 12 22.22% 0.0007**
N: frequency, %: percentage, Ns: non-significant difference as P >0.05.
*significant difference as P<0.05.
** Highly significant difference as P<0.001
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1JCBS, 24(11) (2023): 154-164

100%
90% 22.22%
80%
70%
68.52%

60%
50%

40%

77.78%

30%

20%

31.48%

10%

0%
Group A Group B

mC Normal =T Mutant

Figure 5. Bar chart showing Distribution of different alleles in rs5934997 marker in both groups.

Table 3. Association between Streptococcus mutans number (CFU) and different genotypes regarding rs5934997 marker in

both groups
Group A Group B
Streptococcus mutans count (CFU) P value
M SD M SD
CcC Homozygote normal 75.00 30.41 6.07 2.55 <0.0001 **
rs —
5934997 CT Heterozygote 34.64 12.61 7.33 2.90 <0.0001
TT Homozygote mutant 37.31 20.49 e B

M: mean, SD: standard deviation.
** highly significant difference as P<0.001
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Over 90% of the extracellular matrix protein
content is made up of amelogenin, which is assumed to
control the directed development and arrangement of
enamel crystals. Although the Y and X chromosomes
contain the genes that produce this protein, the X
chromosome accounts for about 90% of all RNA
transcripts [12]. Enamel formation requires two steps. The
first stage involves the synthesis of enamel proteins,
primarily amelogenin. AMELX is the gene that codes for
amelogenin. The hydroxyapatite prism forms with the
help of well-organized amelogenins, which are also
necessary for the prisms' elongation during development
of enamel and the creation of normal enamel thickness
[7]. Extracellular matrix proteins called amelogenins are
necessary for dental enamel development. The regulation
of enamel thickness and mineralization seems to be
significantly impacted by known mutations in the
amelogenin X gene (AMELX). Amelogenin gene
abnormalities are linked to X-linked amelogenesis
imperfecta, a group of disorders marked by enamel
hypoplasia [16]. Amelogenin, an important structural
protein of the organic matrix protein found in enamel,is
encoded by the X chromosome gene AMELX in a variety
of isoforms. Previous studies employing genetically
modified mice demonstrated that AMELX was essential
for appropriate enamel formation [2].
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both groups

Enamel microstructure exhibits unique variations due to
AMELX polymorphisms. As a result, these
polymorphisms are essential for controlling enamel
thickness and mineralization [3]. It was discovered that
Turkish children's susceptibility to caries may be
influenced by variations in the AMELX gene. In the
Korean population, a correlation was also observed
between dental caries susceptibility and single nucleotide
polymorphisms (SNPs) in AMELX [16]. Certain
researches have demonstrated a relationship between
mutations and dental caries susceptibility in the LTF,
ENAM, and AMELX genes [3]. Furthermore, genetic
variants in the genes that code for enamel proteins might
potentially interact with environmental factors in some
way. Therefore, much more research on this topic is
needed. Single nucleotide polymorphisms are important
genetic markers because they are the most prevalent form
of genetic variation, occurring in the human genome on
average every 1.3 kb. Furthermore, most SNPs are
biallelic, which means that alleles only differ by a single
nucleotide [6]. The SNP under investigation was found in
intronic regions of the candidate gene; nevertheless, it
may have an impact on the process of mRNA expression
and change the functional activities of the encoded gene
by influencing the splice sites, which would then result in
a decrease in the protein's function [10].
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So, the objective of the article was to associate markers
in AMELX gene and (mutans streptococci number) which
are correlated with the susceptibility of caries also to
study environment-genetic interactions on caries
occurrence. In the present study we used saliva samples
as a source for S. mutans because investigators either use
dental plague and/or saliva as two main sources. Dental
plaque may be considered as more productive sample for
S. mutans. However, saliva is also a convenient source for
S. mutans because of its easy and noninvasive method.
Also, saliva sample is a perfect source as S. mutans are
detached in saliva [17]. In our present study, unstimulated
saliva samples were used to quantify the number of S.
mutans in both groups, the reason for that was because
previous researches that used stimulated and unstimulated
saliva samples went to a conclusion that the antioxidant
capacity was greater in unstimulated saliva so it is more
accurate in declaring the amount of the cariogenic
bacteria [1]. Regarding S. mutans count the results of our
study showed that in comparison between Group A
(children with dental caries) and Group B (caries free
children) Group A was significantly count greater in S.
mutans count than Group B as P< 0.0001. Our results were
in agreement with Thimmegowda et al. study, 2023 as
their study showed that S. mutans count was significantly
higher in caries children than in children without caries.
Statistically significant results were seen at a p = 0.01 [1].
Also our results was in agreement with the study of
Sounah and Madfa, 2020 as they stated that in saliva
samples positive correlations between the amount of SM
and the development of caries were observed [17]. Priti et
al,2020 results showed that in their study, there was a
highly significant difference between children with high
caries and those without detectable caries in terms of
mean salivary S. mutans counts. This was consistent with
the findings of our investigation as well as the research
carried out by Campus G et al. (2000) and Hegde PP et al.
(2005) [11]. Our findings support the findings of Slayton
et al. (2005), who reported a statistically significant
positive correlation between S. mutans levels and dental
caries in children who had caries and those who did not
(P < 0.0001) [18]. One single Nucleotide Polymorphism
(SNP) in AMELX (rs5934997) was chosen for this
investigation based on relationships with dental caries
and/or enamel abnormalities that have been previously
reported in other populations. Between groups with
various levels of caries experience, genotype and allelic
frequencies were examined. Regarding rs 5934997
genetic marker and distribution of different genotypes in
Group A  the results revealed over presentation of TT
mutant genotype (48.1%) in group A followed by CT
genotype (40.7 %) and finally CC normal genotypes
(11.1%) was high significant occurrence of both TT and
CT genotypes as P=0.003 with the presence of T mutant
allele in 37 children (68.52%) while C normal allele was
seen in only 17 child (31.48%). As our work is a case —
control study and while comparing between Group A as
patients and Group B as controls regarding distribution of
different genotypes the results revealed that TT genotype
(homozygote mutant) was significantly higher in Group A
(48.1%) than Group B (0%) as p <0.0001.While CC
genotype (homozygote normal) in Group A (11.1%) was
significantly lower than Group B (55.6%) as P=0.0007
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which indicated the high significant association between
the presence of homozygous mutant TT genotype and the
occurrence of dental caries. Our genotype association was
confirmed by the study of allele frequency analysis thus
in comparison between both groups regarding distribution
of different alleles among this genetic marker the results
revealed that the high frequency of T mutant allele in
Group A (68.52 %) than in group B (22.22%) as p value
was P<0.0001 which indicate the T mutant allele was the
most related to caries susceptibility. Our results were in
accordance with the results of Kang et al.,2011 as they
stated that there were significant associations between
rs5934997 SNP and caries susceptibility in in Koreans.
Also their results showed that TT genotypes increase
caries susceptibility as TT genotype was the highest
among other genotypes in higher caries experience group.
Ultimately, they came to the conclusion that the Korean
population's susceptibility to dental caries may be
correlated with the SNPS of AMELX [14]. On the
contrary of the results of our study was the results of the
study of Muhammad and Ahmed, 2020 as their results
revealed that the rs5934997 and C allele of AMELX was
the most related to caries susceptibility and severity.
Additionally, they reported that among the Iragi Kurdish
population, dental caries appears to be less common in T
allele carriers and more common in C allele carriers [8].
Variation of the results of the previous studies may
suggest that environmental and genetic factors are both
significant contributors to the etiology of childhood dental
caries. Numerous studies conducted on populations of
various ethnicities have found that the distribution of
alleles and genotypes differs significantly depending on
demographic origin, which appeared to be a factor of
great importance [6]. Regarding the association between
different genotypes in Rs 5934997 and Streptococcus
mutans count. Comparison of mean and standard
deviation marker regarding group A and Group B revealed
that in both CC and CT genotypes the Streptococcus
mutans count in group A was significantly more than
group B as P<0.0001. Reviewing literature, it is the initial
molecular study in Egypt to examine the association
between dental decay susceptibility, Streptococcus
mutans, and AMELX gene polymorphisms. Despite other
studies evaluating the relation between caries
susceptibility with other genes like tuftelin gene
polymorphism and Streptococcus mutans. So the results
for the studies of Priti et «,2020 ; Slayton et al., 2005
were in accordance with our results as their results
showed that the difference between the two groups
regarding the mean salivary S. mutans counts was highly
significant [11]. The major study limitation is the small
sample size, which could have influenced the statistical
calculations. In addition, no data existed in the
community about the frequency of AMELX gene
polymorphism in the country. Despite these limitations,
these data provide insights into the relationship between
AMELX SNPs and occurrence of dental caries as it is first
study concerning the hereditary aspect of caries in Egypt,
and so could form a basis for further studies in a large
population including parents and siblings to concentrate
on conducting additional research into the ways in which
this gene-environment interaction works.
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5. Conclusions

Under limitation of this study, it was determined
that: rs5934997 marker SNP in AMELX gene may be
regarded as a risk factor for the development of dental caries
in Egyptian children.

Acknowledgment

We would like to thank Dr. Rehab Mohamed
Mosaad Associate Professor of Medical Molecular Genetic,
Molecular Genetics and Enzymology Department, Human
Genetics and Genome Research Institute, National Research
Centre. Cairo, Egypt for assisting throughout the study.

Recommendations
Further studies and research are needed to be done.

Funding
The authors received no specific funding for this
work.

Conflict of interest
There is no conflict of interest.

References

[1] R.A. Giacaman, S. Torres, Y. Gomez, C. Mufoz-
Sandoval, J. Kreth. (2015). Correlation of
Streptococcus mutans and Streptococcus sanguinis
colonization and ex vivo hydrogen peroxide
production in carious lesion-free and high caries
adults. Archives of oral biology. 60 (1) 154-159.

[2] X. Li, D. Liu, Y. Sun, J. Yang, Y. Yu. (2021).
Association of genetic variants in enamel-formation
genes with dental caries: A meta-and gene-cluster
analysis. Saudi Journal of Biological Sciences. 28
(3) 1645-1653.

[3] R. Sharifi, S. Jahedi, H.R. Mozaffari, M.M. Imani,
M. Sadeghi, A. Golshah, M. Safaei. (2020).
Association of LTF, ENAM, and AMELX
polymorphisms with dental caries susceptibility: a
meta-analysis. BMC oral health. 20 (1) 1-11.

[4] A. Patir, F. Seymen, M. Yildirim, K. Deeley, M.E.
Cooper, M.L. Marazita, A.R. Vieira. (2008). Enamel
formation genes are associated with high caries
experience in Turkish children. Caries Research. 42
(5) 394-400.

[5] D.D. Divakar, S.A.S. Alanazi, M.Y .A. Assiri, S.M.
Halawani, S.Z. Alshehri, S.A.S. Al-Amri, M.
Mustafa, M. (2019). Association between ENAM
polymorphisms and dental caries in children. Saudi
journal of biological sciences. 26 (4) 730-735.

[6] K. Gerreth, K. Zaorska, M. Zabel, M. Nowicki, M.
Borysewicz-Lewicka. (2018). Significance of
genetic variations in developmental enamel defects
of primary dentition in Polish children. Clinical oral
investigations. 22 321-329.

[7] M. Reza Khami, S. Asgari, S. Valizadeh, J. Karami,
A. Rezaei, N. Rezaei. (2022). AMELX and ENAM

Abdel lattif et al., 2023

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Polymorphisms and Dental Caries. International
Journal of Dentistry, 2022.

S.A. Muhammad, B.M. Ahmed. (2022). Amelx gene
polymorphism and dental caries susceptibility and
severity in iragi kurdish adults. International Journal
of Advanced Science and Technology. 29 889-95.
S.T. Sebastian, T. Johnson. (2015). International
caries detection and assessment system (ICDAS): an
integrated approach. Int J Oral Health Med Res. 2
(3) 81-84.

L. Shoaib, C.M. Deery, D.N.J. Ricketts, Z.J. Nugent.
(2009). Validity and reproducibility of ICDAS Il in
primary teeth. Caries research. 43 (6) 442-448.

P.S. Jain, S.G. Damle, S.P. Dedhia, A.M.
Jetpurwala, T.S. Gupte. (2020). Evaluation of the
association between tuftelin gene polymorphism,
Streptococcus  mutans, and dental caries
susceptibility. Journal of Indian Society of
Pedodontics and Preventive Dentistry. 38 (4) 381-
386.

K. Gerreth, K. Zaorska, M. Zabel, M. Borysewicz-
Lewicka, M. Nowicki. (2017). Chosen single
nucleotide polymorphisms (SNPs) of enamel
formation genes and dental caries in a population of
Polish  children. Advances in  Clinical &
Experimental Medicine. 26 (6).

T. Cui, W. Luo, L. Xu, B. Yang, W. Zhao, H. Cang.
(2019). Progress of antimicrobial discovery against
the major cariogenic pathogen Streptococcus
mutans. Current Issues in Molecular Biology. 32 (1)
601-644.

S.W. Kang, I. Yoon, HW. Lee, J. Cho. (2011).
Association between AMELX polymorphisms and
dental caries in Koreans. Oral diseases. 17 (4) 399-
406.

K. Gerreth, K. Zaorska, M. Zabel, M. Borysewicz-
Lewicka, M. Nowicki. (2016). Association of
ENAM gene single nucleotide polymorphisms with
dental caries in Polish children. Clinical Oral
Investigations. 20 631-636.

T. Olszowski, G. Adler, J. Janiszewska-Olszowska,
K. Safranow, M. Kaczmarczyk. (2012). MBL2,
MASP2, AMELX, and ENAM gene polymorphisms
and dental caries in Polish children. Oral diseases.18
(4) 389-395.

S.A. Sounah, A.A. Madfa. (2020). Correlation
between dental caries experience and the level of
Streptococcus mutans and lactobacilli in saliva and
carious teeth in a Yemeni adult population. BMC
research notes. 13 (1) 1-6.

G. Yildiz, R.B. Ermis, N.S. Calapoglu, E.U. Celik,
G.Y. Turel. (2016). Gene-environment interactions
in the etiology of dental caries. Journal of dental
research. 95 (1) 74-79.

164



