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ABSTRACT
Introduction: The linkage between specific genetic variants and the susceptibility to dental caries
remains a crucial area of investigation. This study aimed to examine the association of partic-
ular gene variants within MPPED2 (rs12797813), MTR (rs61739582), ACTN2 (rs6656267), and LPO
(rs7209537) genes with the likelihood of developing dental caries. Methods: The study recruited
a cohort of 600 participants, divided equally between 300 individuals diagnosed with dental caries
and 300 healthy controls devoid of the condition. The focus was on the genotyping of the men-
tioned gene variants using the Tetra-Primer Amplification Refractory Mutation System PCR (Tetra-
ARMS-PCR) technique. This method is noted for its efficacy in detecting genetic variations. Dis-
cussion: Analysis revealed significant associations between the occurrence of dental caries and
the SNPs rs6656267 and rs7209537, with p-values less than 0.05 indicating statistical relevance. No-
tably, the presence of the C allele of rs6656267 and the A allele of rs7209537was disproportionately
higher amongst individuals with dental caries compared to the healthy control group. These as-
sociations were evident across both co-dominant and dominant genetic models, suggesting that
these variants may increase the risk of developing dental caries. The discrepancy with the allele
reference suggests a potential error in the citation of rs8178275, which likely should be rs7209537
based on the context provided. Conclusion: The findings of this study suggest that the rs6656267
and rs7209537 variants in the ACTN2 and LPO genes, respectively, may serve as potential genetic
markers for increased susceptibility to dental caries. However, the complex nature of genetic in-
fluences on dental caries risk necessitates further research to confirm these initial findings and to
explore the mechanisms by which these SNPs influence caries development.
Key words: Dental caries, MPPED2 gene, MTR gene, ACTN2 gene, LPO gene, Polymorphism,
Genetic, Case-control studies

INTRODUCTION
Dental caries (DC), commonly known as tooth de-
cay, is a chronic multifactorial condition that affects a
large proportion of the population worldwide1. This
condition arises from the interplay between oral bac-
teria, dietary carbohydrates, and various host factors,
including saliva composition, tooth structure, and
immune responses1. While behavioral and environ-
mental factors play a crucial role in the development
of DC, genetic influences have also been recognized
as contributing to individual susceptibility 2. Numer-
ous genetic variations have been identified as poten-
tial contributors to a person’s predisposition to de-
veloping DC. Among the genes studied in this con-
text are metallophosphoesterase domain-containing
2 (MPPED2), methionine synthetase (MTR), alpha-

actinin-2 (ACTN2), and lactoperoxidase (LPO). The
MPPED2 gene, located on chromosome 11 (11p14.1),
codes for a metallophosphoesterase. Although the
precise function of this gene is not yet fully under-
stood, it appears to be involved in the development
of the nervous system3 and has been associated with
aniridia 1, a congenital eye disorder4. Interestingly,
while the MPPED2 gene does not have a known di-
rect role in DC, a study has shown that its expression
was significantly reduced (by a factor of 5) in oral ep-
ithelial cell lines exposed to bacterial pathogens. This
finding suggests a potential indirect link between the
MPPED2 gene and susceptibility to tooth decay 5.
The enzymesmethionine synthase reductase (MTRR)
and MTR play a crucial role in the metabolic path-
ways involving folic acid, homocysteine, and vitamin
B126. Previous studies have reported a relationship
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between vitamin B12 levels and the onset of DC7.
Furthermore, cases with reduced concentrations of
folic acid have been found to be more prone to caries
development8. These findings collectively illustrate
the prominent role of MTRR andMTR in the context
of DC. It is known that gene polymorphisms can me-
diate the expression of MTRR and MTR, suggesting
the potential involvement of MTRR and MTR gene
polymorphisms in susceptibility to DC9.
The ACTN2 gene is responsible for the production of
the alpha-actinin-2 protein, a cytoskeletal protein in-
volved in the organization and stabilization of actin
filaments in muscle cells10. Interestingly, ACTN2 is
also expressed in odontoblasts, the cells that synthe-
size and secrete dentin, which constitutes themajority
of the tooth structure beneath the enamel11. ACTN2
polymorphisms have been linked to various muscle-
related disorders, such as hypertrophic cardiomyopa-
thy and skeletal muscle myopathies12,13. However,
the role of ACTN2 in susceptibility to DC is not well-
established, and the mechanisms by which ACTN2
polymorphisms might affect tooth structure or func-
tion are not fully understood14. It has been hypothe-
sized that variants withinACTN2may affect the bind-
ing affinity of ACTN2 to actin filaments or other pro-
teins involved in dentin formation, thereby altering
tooth structure and increasing the risk of DC14. Nev-
ertheless, the available evidence on the association be-
tween ACTN2 gene polymorphisms and DC suscep-
tibility is limited and conflicting, with some studies
reporting positive associations and others finding no
significant effects15,16.
TheLPOgene codes for a bactericidal salivary enzyme
that plays a crucial role in protecting the lactating
mammary gland and the intestinal tract of newborn
infants against pathogenic microorganisms17,18. In
addition to its antimicrobial function, LPO has been
reported to have other functions, such as growth-
promotion activity and anti-tumor activity 19,20. In-
terestingly, a genome-wide association study (GWAS)
focused on DC in children aged 3 to 12 years, exam-
ining their primary dentition, identified several novel
genes, including LPO21. However, it is important to
note that GWAS is a hypothesis-generating method,
and the results require careful scrutiny and replication
in independent samples to distinguish chance results
from true associations.
To further elucidate the potential role of theMPPED2,
MTR, ACTN2, and LPO genes in susceptibility to
DC, additional studies are needed to investigate their
functional effects on tooth development and to repli-
cate the associations of their polymorphisms in dif-
ferent populations22. Such investigations could pro-

vide valuable insights into the genetic and molecu-
lar mechanisms underlying DC, which could inform
the development of targeted prevention and treat-
ment strategies for this common oral disease. In
the present study, we aimed to investigate the po-
tential association of specific single nucleotide poly-
morphisms (SNPs)within theMPPED2 (rs12797813),
MTR (rs61739582), ACTN2 (rs6656267), and LPO
(rs7209537) genes with susceptibility to DC in a
population-based sample. Our findings could offer
important insights into the genetic basis of DC and
contribute to the development of personalized pre-
vention and treatment approaches for this widespread
oral health condition.

METHODS
Subjects
We carefully calculated the necessary sample size for
the investigation using the statistical formula: n =
Z2p(1-p)/e2, where the value of Z was set at 1.96, and
the estimated frequency was 60%. Based on these pa-
rameters, the researchers determined that the study
would need to include 300 participants. To ensure
a robust comparison, the study design incorporated
a control group consisting of age-matched individu-
als who did not have dental caries (DC). Individu-
als who did not consent to participate were excluded
from the study. In total, the final study sample com-
prised 600 individuals - 300 participants diagnosed
with DC and 300 healthy controls who shared simi-
lar demographic characteristics. A dentist conducted
a comprehensive oral examination of all the study par-
ticipants. The DC (cavities) experience in the partici-
pants’ teeth was assessed using the dmfs index, which
measures the number of tooth surfaces that are de-
cayed, missing due to decay, or filled/restored. Im-
portantly, the study was conducted in full compliance
with the ethical principles outlined in the Declara-
tion of Helsinki. Each participant provided written
informed consent, and 5 ml of peripheral blood was
collected in EDTA-containing tubes for further anal-
ysis as part of the research protocol.

SNPs Genotyping
The genetic samples used in this study were obtained
by extracting genomic DNA from EDTA-treated
blood samples through the standard salting-out
method. The extracted DNAwas then stored at -20◦C
until the genetic analysis was conducted. To geno-
type the specified SNPs (rs12797813, rs61739582,
rs6656267, and rs7209537), the tetra-primer am-
plification refractory mutation system PCR (Tetra-
ARMS-PCR) approach was employed. The primer
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Table 1: The primer sequences and Product size

Gene (SNP) Primers Sequence (3’-5’) Product size

ACTN2
(rs114880747)

Forward inner primer     
(G allele)

AGGTTTGCTATTTGTAAAAAATTTCATGTGFor G allele:
191

Reverse inner primer (A allele) GGGGCAATCACATAAGCATATTAGATAT For A allele:
258

Forward outer primer (5’ - 3’) GCGCTTCATAAATAGGTTTATTTCTGAG Two outer

Reverse outer primer (5’ - 3’) CCAAAAATCTTTTGGGTAGTCTTTTTAA

LPO (rs8178275) Forward inner primer 
(G allele)

GCTATTGCATCAACCAATCCCTGACG For G allele:
229

Reverse inner primer (A allele) GGCAGATACACCAGGAAACTGCAGCAT For A allele:
164

Forward outer primer (5’ - 3’) TTAAAAGGGACAAATGTGCTCAGGGCAT Two outer

Reverse outer primer (5’ - 3’) TCTTACCTGCCCAGTGCCTTGTCTTTTC

Table 2: Association of ACTN2 (rs114880747) and LPO (rs8178275 genotypes with decayedmissing filled teeth
score (dmft score) in DC cases

Gene
(SNP) in

DMFT
Score
n =
300

Decayed Missing Filled Teeth Score (DMFT score) p-value

1
DMFT
190

(63.35%)

2
DMFT

65
(21.6%)

3
DMFT

19
(6.3%)

4
DMFT

14
(4.6%)

5
DMFT

7
(2.33%)

6
DMFT

3 
(1%)

7 
DMFT

2
(0.66%)

ACTN2 AA 12 10 2 - - - -

AG 65 40 15 10 4 2 1

GG 113 15 2 4 3 1 1

LPO
(rs8178275)

AA 20 19 5 3 3 1 1
< 0.05AG 49 29 12 9 2 2 1

GG 121 17 2 2 2 - -

design for this method was facilitated by the Primer
1 online tool available at http://primer1.soton.ac.uk/
primer1.html. The accuracy of the genotyping pro-
cess was ensured by including negative control sam-
ples without genomic DNA and positive controls with
known genotypes, which were compared to the cor-
responding sequencing results. The thermal cycling
conditions for the PCR amplification of the individ-
ual SNPs were as follows:
- MPPED2 SNP rs12797813: Initial denaturation at
95◦C for 5 minutes, followed by 30 cycles of denatu-
ration at 95◦C for 30 seconds, annealing at 62.5◦C for
30 seconds, and extension at 72◦C for 2 minutes, with
a final extension step at 72◦C for 5 minutes.
-MTR SNP rs61739582: Initial denaturation at 95◦C
for 5 minutes, followed by 30 cycles of denaturation
at 95◦C for 30 seconds, annealing at 63◦C for 30 sec-
onds, and extension at 72◦C for 2minutes, with a final

extension step at 72◦C for 5 minutes.
- ACTN2 SNP rs6656267: Initial denaturation at
95◦C for 5 minutes, followed by 30 cycles of denat-
uration at 95◦C for 30 seconds, annealing at 64.5◦C
for 30 seconds, and extension at 72◦C for 2 minutes,
with a final extension at 72◦C for 5 minutes.
- LPO SNP rs7209537: Initial denaturation at 95◦C
for 5minutes, followed by 30 cycles of denaturation at
95◦C for 30 seconds, annealing at 61.5◦C for 30 sec-
onds, and extension at 72◦C for 2minutes, with a final
extension at 72◦C for 5 minutes.
For each PCR reaction, the following components
were used: 1 µ l of each inner primer (10 PM), 1
µ l of each outer primer (5 PM), 1 µ l of Mastermix
(Amplicon® Mastermix containing MgCl2, Taq PCR
buffer, Taq DNA polymerase, and dNTPs), and 2 µ l
of DNA (50 ng/µ l), adjusted to a total volume of 20

6594

primers: 391

primers: 340

(rs114880747)

Genotype

< 0.05



Biomedical Research and Therapy 2024, 11(7):6592-6602

µ l with ddH2O. The primer sequences are provided
in Table 1.

Statistical Analysis
We utilized the SNPStats web tool (https://www.snps
tats.net/start.htm) to evaluate the selected SNP’s con-
formity to Hardy-Weinberg equilibrium (HWE) and
to investigate the associations between SNPs and DC
using variousmodels (co-dominant, dominant, reces-
sive, and over-dominant). The impact of each variant
was quantified using an odds ratio (OR) accompanied
by its respective 95% confidence interval, while statis-
tical significance was determined by a p-value of 0.05
or lower.

RESULTS
Our study enrolled 300 patients with DC and 300
healthy individuals, with the patients having a mean
age of 17 years and the controls having a mean age
of 20.5 years. The case group consisted of 98 males
(32.7%) and 202 females (67.3%), while the control
group comprised 115 males (38.3%) and 185 females
(61.7%). Table 2 presents the responses to question-
naires that children and their parents completed. The
severity of DC was assessed by calculating the DMFT
score, which quantified the presence of decayed, miss-
ing, and filled teeth for each individual participant.
We found an association between the rs6656267 SNP
in the ACTN2 gene and the DMFT score in DC cases
(p = 0.025), as presented in Table 2. Additionally, our
findings, shown in Table 3, demonstrate an associa-
tion between the rs7209537 SNP in the LPO gene and
the DMFT score in DC cases (p = 0.001).
In accordance with the Hardy-Weinberg equilibrium,
the genotype distributions of the analyzed SNPs were
consistent with expectations (p > 0.05). The results
of the exact tests conducted for the various SNPs are
as follows: for rs12797813, the p-values were 0.10 for
cases and 0.17 for controls; for rs61739582, the p-
values were 0.08 for cases and 0.13 for controls; for
rs6656267, the p-values were 0.11 for cases and 0.18
for controls; and for rs7209537, the p-values were 0.08
for cases and 0.16 for controls, as presented inTable 4.
The DNA band positions on the agarose gel are de-
picted in Figure 1.
A statistically significant increase in the frequency of
the C allele (minor allele) for rs6656267 was observed
in individuals with DC compared to healthy controls
(OR (95% CI) = 0.596 (0.432-0.811), p = 0.013; as
shown in Table 4). This SNP was associated with the
risk of DC in both co-dominant and dominant mod-
els (OR (95% CI) = 0.58 (0.38-0.86), p-value = 0.03;

OR (95% CI) = 0.55 (0.37-0.81), p-value = 0.029, re-
spectively). Additionally, the frequency of the A al-
lele (minor allele) for rs7209537 was found to be sig-
nificantly higher in individuals with DC compared to
healthy controls, with an odds ratio (95% confidence
interval) of 0.543 (0.411-0.809) and a p-value of 0.045.
These particular SNPs were linked to an increased
risk of DC in both co-dominant and dominant ge-
netic models, with odds ratios (95% confidence in-
tervals) of 1.71 (1.02-2.86) and 2.06 (1.08-4.38) and
p-values of 0.014 and 0.019, respectively. It is also
worth mentioning that there was no association be-
tween rs12797813 and rs61739582 and susceptibility
to DC in any of the models (p-value > 0.05).

DISCUSSION
Dental caries (DC) is influenced by both external
environmental factors and genetic predisposition23.
High-sugar diets, particularly those rich in candies
and chocolates, are a common cause of DC24. Ad-
ditionally, inadequate oral hygiene practices, insuffi-
cient consumption of fluoride, and prolonged bottle-
feeding are other contributing factors to the onset of
DC25. Implementing preventive measures early on
can help mitigate the occurrence of DC at an early
stage. Numerous studies have explored the genetic
predisposition to tooth decay, and various genes have
been identified that may contribute to the develop-
ment of this condition26–29. The genetic susceptibil-
ity to tooth decay involves multiple genes and envi-
ronmental factors. Identifying the genes involved in
the development of tooth decay could provide valu-
able insights into the etiology of this condition and
pave the way for the creation of novel preventive and
therapeutic approaches. The current study aimed to
enhance the understanding of the genetic founda-
tion of caries susceptibility. To achieve this, samples
were collected from a population in Iran, both with
and without DC, and genotyped for specific polymor-
phisms (rs12797813 SNP of the MPPED2 gene, SNP
rs61739582 of the MTR gene, rs6656267 SNP of the
ACTN2 gene, and rs7209537 SNP of the LPO gene).
These genes were identified as candidate genes in pre-
vious genome-wide association studies (GWAS) for
DC15,16. The current study found a positive asso-
ciation between the rs6656267 and rs7209537 poly-
morphisms and susceptibility to DC. This observa-
tion aligns with the findings from a previous study
conducted on a cohort of 65 Greek children aged 5
to 12 years, which showed a positive association be-
tween the ACTN2 (rs6656267) gene polymorphism
and DC16. Furthermore, another GWAS has pro-
vided significant evidence of an association between
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Figure 1: Gel electrophoresis of the T-ARMS PCR products from of ACTN2 (rs6656267), LPO (rs7209537),
MPPED2 (rs12797813) andMTR gene (rs61739582) genes on 2.5% agarose gel electrophoresis. (A) ACTN2
gene (rs6656267) (Ladder 100bp); Lane A: AA genotype (271 and 415 bp); Lane B: GG genotype (204, 271 and 415
bp), (B) LPO gene (rs7209537) (Ladder: 50bp); Lane A: GG genotype (187 and 377 bp); Lane B: AG genotype (187,
245 and 377 bp), Lane C: AG genotype (187, 245 and 377 bp), (C) MPPED2 gene (rs12797813) (Ladder 100bp); Lane
A: GG genotype (240 and 477 bp); Lane B: AG genotype (240, 293 and 477 bp), and (D) MTR gene (rs61739582)
(Ladder 100bp); Lane A: AG genotype (190. 258 and 394 bp); Lane B: GG genotype (190 and 394 bp), Lane C: AA
genotype (258 and 394 bp).

Table 3: Exact test for Hardy-Weinberg equilibrium

Patients Healthy controls P-value

A/A 24 19

A/G 137 120

G/G 139 161

rs8178275
A/A 52 30

> 0.05A/G 104 124

G/G 144 146

ACTN2 single nucleotide polymorphisms (SNPs) and
DC15. While the precise mechanism linking ACTN2
to DC remains incompletely understood, one possi-
ble explanation is that the ACTN2 gene appears to
be involved in regulating and organizing ameloblasts,
the cells responsible for tooth enamel formation30,31.
The ACTN2 gene is located on chromosome 1 (1q43)
and encodes a protein that is a member of the spec-
trin gene superfamily and is involved in the forma-
tion of the cytoskeleton. ACTN2 has been associ-
ated with several disorders, including cardiomyopa-
thy 30,31. The LPO protein plays a crucial role in de-
fending against DC in the context of oral health32.
It also helps regulate the microbial composition in

the oral cavity, preventing the growth of pathogenic
microorganisms associated with periodontitis33. The
physiological properties of LPO have been exploited
in the development of oral hygiene products enriched
with the LPO protein to prevent these oral diseases34.
Salivary LPO has the ability to convert thiocyanate
ions (SCN-) and hydrogen peroxide into hypothio-
cyanite ions (OSCN-). These OSCN- ions possess
the capacity to kill bacteria by binding to their pro-
teins. As a result, the presence of LPO in saliva
promotes oral health and helps prevent the develop-
ment of periodontitis35. The available research in-
dicates that the concentration of LPO in the saliva
is higher in patients with periodontitis compared to

6596
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Table 4: Distribution of allele and genotype frequencies of SNPs in patients and healthy controls

Model DC
patients
Number
(%)

Controls
Number
(%)

OR (95% CI) P-value

rs114880747 Allele A vs. G 185
(30.8%)

415
(69.2%)

158
(26.3%)

442
(73.7%)

0.596
(0.432-0.811) 0.005

Co-dominant A/A 24 (8%) 19 (6.3%) 1.00

A/G 137
(45.7%)

120 (40%) 0.58
(0.38-0.86)

G/G 139
(46.3%)

161
(53.7%)

0.50
(0.23-1.08)

Dominant A/A 24 (8%) 19 (6.3%) 1.00

A/G-G/G 276 (92%) 281
(93.7%)

0.55
(0.37-0.81)

Recessive A/A-A/G 161
(53.7%)

139
(46.3%)

1.00

G/G 139
(46.3%)

161
(53.7%)

0.59
(0.28-1.26)

Overdominant A/A-G/G 163
(54.3%)

180 (60%) 1.00

0.059
A/G 137

(45.7%)
120 (40%) 0.72

(0.51-1.01)

rs8178275 Allele A vs. G 208
(34.7%)

392(65.3%)

184
(30.7%)

416(69.3%)

0.543
(0.411-0.809) 0.013

Co-dominant A/A 52 (17.3%) 30 (10%) 1.00

0.014A/G 104
(34.7%)

124
(41.3%)

1.71
(1.02-2.86)

G/G 144 (48%) 146
(48.7%)

1.00

0.035
Dominant A/A 52 (17.3%) 30 (10%) 1.00

A/G-G/G 248
(82.7%)

270 (90%) 2.06
(1.08-4.38)

Recessive A/A-A/G 156 (52) 154
(51.3%)

1.00

0.12
G/G 144 (48%) 146

(48.7%)
1.87

(0.76-4.62)

Overdominant A/A-G/G 196
(65.3%)

176
(58.7%)

1.00

0.09
A/G 104

(34.7%)
124

(41.3%)
1.45

(0.91-2.30)
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Figure2: The in-silicoanalysisof the functionalproteinassociationnetworkwasassessedviaonlineSTRING
server for ACTN2 (A) and LPO (B) genes.

healthy individuals36–38. As early as 1995, the LPO
concentration was proposed as a potential marker
to evaluate the degree of periodontal tissue destruc-
tion39. Subsequently, later studies have shifted their
focus to evaluating the product of LPO activity, mal-
ondialdehyde (MDA), which is a lipid peroxidation
biomarker40. Dakovic’s study found a relationship
between the concentration of MDA in the saliva and
the degree of inflammation in the periodontium, con-
cluding that the levels of this marker in saliva indicate
the presence of inflammatory activity at that particu-
lar time41. Other researchers have corroborated these
findings42,43, and the most recent study by Veljovic
et al. in 2022 obtained statistically significant results
demonstrating a positive association between peri-
odontitis and the levels of MDA and LPO in both
blood and saliva44. In contrast, the current study has
found that the rs7209537 SNP of the LPO gene is sig-
nificantly associated with susceptibility to DC. This
observation is not in alignment with the findings of
Stanley et al., who, through a meta-analysis, reported
that SNPswithin the LPO gene are not associated with
DC susceptibility 15. These discrepancies in results
may be attributable to genetic differences between the
study populations. Given the diverse functions of
ACTN2 and LPO genes, it is plausible that complex in-
teractions between them could modulate an individ-
ual’s risk of developing DC. Exploring these potential
gene-gene interactions may provide valuable insights
into the multifactorial nature of DC susceptibility.
It is also worth mentioning that our results have
shown that there is no association of polymor-
phisms within the MTR (rs61739582) and MPPED2

(rs12797813) genes with DC in studied participants.
The MTR gene, responsible for methionine and ho-
mocysteine production, has not been previously im-
plicated in DC, although maternal MTR may be as-
sociated with non-syndromic cleft lip and palate45,
which in turn is associated with DC46–48. The find-
ings from the current study are notable in the con-
text of previous research. Unlike our study popula-
tion, Weilian Du et al.49 have shown that the risk
of DC is associated with the MTR gene rs1805087
polymorphism in Chinese children. Notably, An-
tunes et al.50 reported that theMTRR gene rs1801394
polymorphism was identified as a genetic risk factor
for early childhood caries (ECC) susceptibility in Rio
de Janeiro, while the MTR gene rs1805087 polymor-
phism was not associated with ECC. This is consis-
tent with the results of the present study. The reason
for this discrepancy is not entirely clear, but the re-
searchers believe that theMTR gene rs1805087 poly-
morphism is worthy of further examination. Ad-
ditionally, in line with the current study, Katife-
lis et al.16have shown that polymorphisms within
the MPPED2 gene are not associated with the risk
of DC. However, another study has revealed that
MPPED2 polymorphisms are significantly associated
with childhood caries. Thesemixed findings highlight
the complexity of the genetic factors underlying sus-
ceptibility to oral diseases, such as DC. The discrep-
ancies between studies may be attributable to factors
like differences in study populations, methodologies,
and genetic backgrounds.
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DC is a multifactorial disease, and the interplay be-
tween various genetic factors may significantly influ-
ence an individual’s risk of developing the condition.
By focusing solely on the selected SNPs, our study
may have overlooked the potential synergistic or an-
tagonistic effects of genetic variants across different
genes. The findings from our study, which identified
significant associations between the rs6656267 and
rs7209537 variants and susceptibility to DC, have the
potential to contribute to the evolving field of person-
alized dentistry and public health interventions. The
identification of genetic risk factors for DC can have
significant public health implications. DC is a highly
prevalent and chronic oral health condition, present-
ing a substantial burden on healthcare systems glob-
ally. By understanding the genetic underpinnings of
DC susceptibility, we can explore strategies for early
identification, targeted prevention, and personalized
management of this condition. In addition, the incor-
poration of genetic screening for DC risk factors into
routine dental care practices could provide valuable
insights for both clinicians and patients. By assessing
an individual’s genetic profile, healthcare providers
can gain a better understanding of their predispo-
sition to developing DC. This information can then
be used to tailor preventive strategies, optimize oral
hygiene regimens, and monitor high-risk individu-
als more closely. Building on the genetic risk profiles
obtained through screening, healthcare providers can
develop personalized preventive measures and treat-
ment approaches for patients.
Genetic variations can differ significantly among pop-
ulations due to factors like ancestry, geographical
location, and ethnic diversity. These population-
specific genetic differences can lead to discrepancies
in the results of association studies conducted across
diverse populations. It is crucial to account for these
population-specific genetic factors when interpreting
the findings of such studies. Furthermore, the exten-
sive review of the relevant literature conducted as part
of this study makes a significant contribution to the
field of DC research. This comprehensive review of
existing knowledge provides a valuable foundation for
understanding the complex genetic underpinnings of
this widespread oral health condition. Continued re-
search is necessary to fully elucidate the genetic deter-
minants of oral health conditions and their potential
utility as diagnostic or prognostic markers.

CONCLUSIONS
The present study investigated the potential asso-
ciation between specific genetic variants within the
MPPED2 (rs12797813), MTR (rs61739582), ACTN2

(rs6656267), and LPO (rs7209537) genes and sus-
ceptibility to DC. Using the reliable T-ARMS-PCR
method for genotyping, the researchers found a sig-
nificant association between the rs6656267 single nu-
cleotide polymorphism (SNP) in the ACTN2 gene
and the rs7209537 SNP in the LPO gene with an in-
creased risk of developing DC.These findings suggest
that the rs6656267 variant of the ACTN2 gene and the
rs7209537 variant of the LPO gene may serve as po-
tential genetic risk factors for DC. The observed as-
sociations were noted in both the co-dominant and
dominant genetic models, further strengthening the
relevance of these gene variants in DC susceptibility.
While the study provides valuable insights into the
potential role of the rs6656267 and rs7209537 vari-
ants in DC, the researchers acknowledge the need
for additional investigations to confirm and expand
upon these findings. Further studies with larger sam-
ple sizes, diverse population cohorts, and functional
analyses arewarranted to validate the associations and
elucidate the underlying mechanisms by which these
gene variants influence DC susceptibility. Unraveling
the genetic basis of DC can have significant implica-
tions for disease prevention, early detection, and per-
sonalized treatment approaches. By understanding
the genetic determinants of DC, researchers and clin-
icians can potentially develop targeted interventions
and strategies to mitigate the impact of this preva-
lent oral health condition. In conclusion, the present
study presents evidence supporting the association of
the rs6656267 variant within theACTN2 gene and the
rs7209537 variant within the LPO genewith increased
susceptibility to DC. These findings contribute to the
growing body of knowledge regarding the genetic fac-
tors underlying this widespread oral disease and high-
light the importance of continued research in this
field. In future studies, it will be crucial to investigate
the interactions between the ACTN2, LPO, MPPED2,
and MTR genes, as well as other relevant genes, while
performing functional studies to better understand
the complex genetic landscape underlyingDC suscep-
tibility.

ABBREVIATIONS
ACTN2 - Alpha-actinin-2, CI - Confidence Interval,
DC - Dental Caries, DMFT - Decayed, Missing, and
Filled Teeth, ECC - Early Childhood Caries, EDTA
- Ethylenediaminetetraacetic acid, GWAS - Genome-
Wide Association Study, HWE - Hardy-Weinberg
Equilibrium, LPO - Lactoperoxidase, MDA - Mal-
ondialdehyde, MPPED2 - Metallophosphoesterase
domain-containing 2, MTR - Methionine synthase,
MTRR - Methionine Synthase Reductase,OR - Odds

6599



Biomedical Research and Therapy 2024, 11(7):6592-6602

Ratio, PCR - Polymerase Chain Reaction, SNPs - Sin-
gle Nucleotide Polymorphisms, Tetra-ARMS-PCR -
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tem PCR

ACKNOWLEDGMENTS
The authors would like to announce their apprecia-
tion to all patients who have made the achievement
of current investigation. This research was conducted
with the support of Mashhad University of Medical
Sciences.

AUTHOR’S CONTRIBUTIONS
SA: designed the research study and performed the re-
search, SD: wrote the manuscript and performed the
research, YN: wrote the manuscript and performed
the research, SK:wrote themanuscript and performed
the data analysis, AF: wrote the manuscript and col-
laboration in data analysis, MRA: performed the re-
search, BB: performed the research, FA: designed the
research study and performed the research and data
analysis. All authors read and approved the final
manuscript.

FUNDING
This research was conducted with the support of
Mashhad University of Medical Sciences.

AVAILABILITY OF DATA AND
MATERIALS
Data and materials used and/or analyzed during the
current study are available from the corresponding
author on reasonable request.

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE
The study was conducted in adherence to the ethical
principles outlined in the Declaration of Helsinki and
approved by ethical committee ofMashhadUniversity
of Medical Sciences.

CONSENT FOR PUBLICATION
Not applicable.

COMPETING INTERESTS
The authors declare that they have no competing in-
terests.

REFERENCES
1. Pitts NB, Twetman S, Fisher J, Marsh PD. Understanding dental

caries as a non-communicable disease. British Dental Journal.
2021;231(12):749–53. PMID: 34921271. Available from: https:
//doi.org/10.1038/s41415-021-3775-4.

2. Cavallari T, Arima LY, Ferrasa A, Moysés SJ, Moysés ST, Herai
RH. Dental caries: genetic and protein interactions. Archives
of Oral Biology. 2019;108. PMID: 31476523. Available from:
https://doi.org/10.1016/j.archoralbio.2019.104522.

3. GeneCards. Human Gene Database, MPPED2 gene. . https
://wwwgenecardsorg/cgi-bin/carddisppl?gene=MPPED2 Ac-
cessed May 25, 2024.

4. MalaCards. Human Disease Database. Aniridia 1 (AN1). . https
://wwwmalacardsorg/card/aniridia_1 AccessedMay 25, 2024.

5. Milward MR, Chapple IL, Wright HJ, Millard JL, Matthews JB,
Cooper PR. Differential activation of NF-kappaB and gene
expression in oral epithelial cells by periodontal pathogens.
Clinical and Experimental Immunology. 2007;148(2):307–24.
PMID: 17355248. Available from: https://doi.org/10.1111/j.
1365-2249.2007.03342.x.

6. Elizabeth KE, Praveen SL, Preethi NR, Jissa VT, Pillai MR. Fo-
late, vitamin B12, homocysteine and polymorphisms in fo-
latemetabolizing genes in childrenwith congenital heart dis-
ease and their mothers. European Journal of Clinical Nutri-
tion. 2017;71(12):1437–41. PMID: 28876333. Available from:
https://doi.org/10.1038/ejcn.2017.135.

7. Hugar SM, Dhariwal NS, Majeed A, Badakar C, Gokhale N, Mis-
try L. Assessment of vitamin B12 and its correlation with den-
tal caries and gingival diseases in 10-to 14-year-old children:
a cross-sectional study. International Journal of Clinical Pedi-
atric Dentistry. 2017;10(2):142–6. PMID: 28890613. Available
from: https://doi.org/10.5005/jp-journals-10005-1424.

8. MacKeown JM, Cleaton-Jones PE, Fatti P. Caries and mi-
cronutrient intake among urban South African children: a co-
hort study. Community Dentistry and Oral Epidemiology.
2003;31(3):213–20. PMID: 12752548. Available from: https:
//doi.org/10.1034/j.1600-0528.2003.00042.x.

9. He L, Roie EV, Bogaerts A, Verschueren S, Delecluse C, Morse
CI. Thegenetic effect onmuscular changes in anolder popula-
tion: a follow-up study after one-year cessation of structured
training. Genes. 2020;11(9):968. PMID: 32825595. Available
from: https://doi.org/10.3390/genes11090968.

10. Ranta-Aho J, Olive M, Vandroux M, Roticiani G, Dominguez C,
Johari M. Mutation update for the ACTN2 gene. Human Mu-
tation. 2022;43(12):1745–56. PMID: 36116040. Available from:
https://doi.org/10.1002/humu.24470.

11. Khan QE, Sehic A, Khuu C, Risnes S, Osmundsen H. Expression
of Clu and Tgfb1 during murine tooth development: effects
of in-vivo transfectionwith anti-miR-214. European Journal of
Oral Sciences. 2013;121(4):303–12. PMID: 23841781. Available
from: https://doi.org/10.1111/eos.12056.

12. Chiu C, Bagnall RD, Ingles J, Yeates L, KennersonM, Donald JA.
Mutations in alpha-actinin-2 cause hypertrophic cardiomy-
opathy: a genome-wide analysis. Journal of the American
College of Cardiology. 2010;55(11):1127–35. PMID: 20022194.
Available from: https://doi.org/10.1016/j.jacc.2009.11.016.

13. Savarese M, Palmio J, Poza JJ, Weinberg J, Olive M, Cobo AM.
Actininopathy: A new muscular dystrophy caused by ACTN2
dominant mutations. Annals of Neurology. 2019;85(6):899–
906. PMID: 30900782. Available from: https://doi.org/10.1002/
ana.25470.

14. https://www.ncbi.nlm.nih.gov/snp/rs114880747. .
15. Stanley BO, Feingold E, Cooper M, Vanyukov MM, Maher BS,

Slayton RL. Genetic association of MPPED2 and ACTN2 with
dental caries. Journal of Dental Research. 2014;93(7):626–
32. PMID: 24810274. Available from: https://doi.org/10.1177/
0022034514534688.

16. Katifelis H, Sioziou A, Gazouli M, Emmanouil D. ACTN2
(rs6656267) and MPPED2 (rs11031093 and rs536007) poly-
morphisms in primary dentition caries: A case-control study.
International Journal of Paediatric Dentistry. 2020;30(4):478–
82. PMID: 32040219. Available from: https://doi.org/10.1111/
ipd.12627.

17. Gothefors L, Marklund S. Lactoperoxidase activity in human
milk and in saliva of newborn infants. Infection and Immunity.
1975;11(6):1210–5. PMID: 1140845. Available from: https://
doi.org/10.1128/iai.11.6.1210-1215.1975.

6600

https://www.ncbi.nlm.nih.gov/pubmed/34921271
https://doi.org/10.1038/s41415-021-3775-4
https://doi.org/10.1038/s41415-021-3775-4
https://www.ncbi.nlm.nih.gov/pubmed/31476523
https://doi.org/10.1016/j.archoralbio.2019.104522
https://www.ncbi.nlm.nih.gov/pubmed/17355248
https://doi.org/10.1111/j.1365-2249.2007.03342.x
https://doi.org/10.1111/j.1365-2249.2007.03342.x
https://www.ncbi.nlm.nih.gov/pubmed/28876333
https://doi.org/10.1038/ejcn.2017.135
https://www.ncbi.nlm.nih.gov/pubmed/28890613
https://doi.org/10.5005/jp-journals-10005-1424
https://www.ncbi.nlm.nih.gov/pubmed/12752548
https://doi.org/10.1034/j.1600-0528.2003.00042.x
https://doi.org/10.1034/j.1600-0528.2003.00042.x
https://www.ncbi.nlm.nih.gov/pubmed/32825595
https://doi.org/10.3390/genes11090968
https://www.ncbi.nlm.nih.gov/pubmed/36116040
https://doi.org/10.1002/humu.24470
https://www.ncbi.nlm.nih.gov/pubmed/23841781
https://doi.org/10.1111/eos.12056
https://www.ncbi.nlm.nih.gov/pubmed/20022194
https://doi.org/10.1016/j.jacc.2009.11.016
https://www.ncbi.nlm.nih.gov/pubmed/30900782
https://doi.org/10.1002/ana.25470
https://doi.org/10.1002/ana.25470
https://www.ncbi.nlm.nih.gov/pubmed/24810274
https://doi.org/10.1177/0022034514534688
https://doi.org/10.1177/0022034514534688
https://www.ncbi.nlm.nih.gov/pubmed/32040219
https://doi.org/10.1111/ipd.12627
https://doi.org/10.1111/ipd.12627
https://www.ncbi.nlm.nih.gov/pubmed/1140845
https://doi.org/10.1128/iai.11.6.1210-1215.1975
https://doi.org/10.1128/iai.11.6.1210-1215.1975


Biomedical Research and Therapy 2024, 11(7):6592-6602

18. Leigh JA, Field TR, Williams MR. Two strains of Streptococcus
uberis, of differing ability to cause clinical mastitis, differ in
their ability to resist some host defence factors. Research in
Veterinary Science. 1990;49(1):85–7. PMID: 2382062. Avail-
able from: https://doi.org/10.1016/S0034-5288(18)31052-X.

19. Reiter B, Fulford RJ, Marshall VM, Yarrow N, Ducker M,
Knutsson M. An evaluation of the growth promoting effect
of the lactoperoxidase system in newborn calves. Animal Sci-
ence (Penicuik, Scotland). 1981;32(3):297–306. Available from:
https://doi.org/10.1017/S0003356100027197.

20. Stanislawski M, Rousseau V, Goavec M, Ito H. Immunotoxins
containing glucose oxidase and lactoperoxidase with tumori-
cidal properties: in vitro killing effectiveness in a mouse plas-
macytoma cell model. Cancer Research. 1989;49(20):5497–
504. PMID: 2790777.

21. Shaffer JR, Wang X, Feingold E, Lee M, Begum F, Weeks
DE. Genome-wide association scan for childhood caries
implicates novel genes. Journal of Dental Research.
2011;90(12):1457–62. PMID: 21940522. Available from: https:
//doi.org/10.1177/0022034511422910.

22. Cordell HJ, Clayton DG. Genetic association studies. Lancet.
2005;366(9491):1121–31. PMID: 16182901. Available from:
https://doi.org/10.1016/S0140-6736(05)67424-7.

23. Elamin A, Garemo M, Gardner A. Dental caries and their
association with socioeconomic characteristics, oral hygiene
practices and eating habits among preschool children in Abu
Dhabi, United Arab Emirates - the NOPLAS project. BMC Oral
Health. 2018;18(1):104. PMID: 29884158. Available from:
https://doi.org/10.1186/s12903-018-0557-8.

24. Skafida V, Chambers S. Positive association between sugar
consumption and dental decay prevalence independent of
oral hygiene in pre-school children: a longitudinal prospec-
tive study. Journal of Public Health (Oxford, England).
2018;40(3):e275–83. PMID: 29301042. Available from: https:
//doi.org/10.1093/PMID/fdx184.

25. Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet.
2007;369(9555):51–9. PMID: 17208642. Available from: https:
//doi.org/10.1016/S0140-6736(07)60031-2.

26. Opal S, Garg S, Jain J, Walia I. Genetic factors affecting dental
caries risk. Australian Dental Journal. 2015;60(1):2–11. PMID:
25721273. Available from: https://doi.org/10.1111/adj.12262.

27. Werneck RI, Mira MT, Trevilatto PC. A critical review: an
overview of genetic influence on dental caries. Oral Diseases.
2010;16(7):613–23. PMID: 20846151. Available from: https:
//doi.org/10.1111/j.1601-0825.2010.01675.x.

28. WangX,WillingMC,MarazitaML,Wendell S,Warren JJ, Broffitt
B. Genetic and environmental factors associated with dental
caries in children: the Iowa Fluoride Study. Caries Research.
2012;46(3):177–84. PMID: 22508493. Available from: https:
//doi.org/10.1159/000337282.

29. Li ZQ, Hu XP, Zhou JY, Xie XD, Zhang JM. Genetic poly-
morphisms in the carbonic anhydrase VI gene and den-
tal caries susceptibility. Genetics and Molecular Research.
2015;14(2):5986–93. PMID: 26125798. Available from: https:
//doi.org/10.4238/2015.June.1.16.

30. GeneCards. Human Gene Database Aghwgaoc-bcipgAAO,
2019.; 2019.

31. Sehic A, Risnes S, Khan QE, Khuu C, Osmundsen H. Gene ex-
pression and dental enamel structure in developing mouse
incisor. European Journal of Oral Sciences. 2010;118(2):118–
30. PMID: 20487000. Available from: https://doi.org/10.1111/j.
1600-0722.2010.00722.x.

32. Gudipaneni RK, R VK, G J, Peddengatagari S, Duddu Y.
Short term comparative evaluation of antimicrobial efficacy
of tooth paste containing lactoferrin, lysozyme, lactoperox-
idase in children with severe early childhood caries: a clini-
cal study. Journal of Clinical and Diagnostic Research : JCDR.
2014;8(4):18–20. PMID: 24959510. Available from: https:
//doi.org/10.7860/JCDR/2014/8161.4232.

33. Shimizu E, Kobayashi T, Wakabayashi H, Yamauchi K, Iwatsuki
K, Yoshie H. Effects of orally administered lactoferrin and
lactoperoxidase-containing tablets on clinical and bacterio-

logical profiles in chronic periodontitis patients. International
journal of dentistry. 2011;2011:405139. PMID: 21747858.
Available from: https://doi.org/10.1155/2011/405139.

34. Borzouee F, Mofid MR, Varshosaz J, Shariat SZS. Purifi-
cation of lactoperoxidase from bovine whey and investiga-
tion of kinetic parameters. Advanced Biomedical Research.
2016;5(1):189. PMID: 28028529. Available from: https://doi.
org/10.4103/2277-9175.192738.

35. Magacz M, KK, Sapa J, Krzyściak W. The significance of lac-
toperoxidase system in oral health: application and efficacy
in oral hygiene products. International Journal of Molecular
Sciences. 2019;20(6):1443. PMID: 30901933. Available from:
https://doi.org/10.3390/ijms20061443.

36. Cherian DA, Peter T, Narayanan A, Madhavan SS, Achammada
S, Vynat GP. Malondialdehyde as a marker of oxidative stress
in periodontitis patients. Journal of Pharmacy & Bioallied Sci-
ences. 2019;11(6):297–300. PMID: 31198357. Available from:
https://doi.org/10.4103/JPBS.JPBS_17_19.

37. Önder C, Kurgan S, Altingöz SM, Bagis N, UyanikM, SerdarMA,
et al. Impact of non-surgical periodontal therapyon saliva and
serum levels of markers of oxidative stress. Clinical Oral Inves-
tigations. 2017;21(6):1961–9. PMID: 27807715. Available from:
https://doi.org/10.1007/s00784-016-1984-z.

38. WaradSB, Pattanashetti J, KalburgiN, KoregolA, RaoS. Estima-
tion of salivary malondialdehyde Levels in smokeless tobacco
chewers with chronic periodontitis-A cross sectional clinico
biochemical study. Odovtos-International Journal of Dental
Sciences. 2022;23(3):137–46.

39. Gutteridge JM. Lipid peroxidation and antioxidants as
biomarkers of tissue damage. Clinical Chemistry. 1995;41(12
Pt 2):1819–28. PMID: 7497639. Available from: https://doi.org/
10.1093/clinchem/41.12.1819.

40. Ayala A, Muñoz MF, Argüelles S. Lipid peroxidation: produc-
tion, metabolism, and signalingmechanisms of malondialde-
hyde and 4-hydroxy-2-nonenal. Oxidative Medicine and Cel-
lular Longevity. 2014;2014(1):360438. PMID: 24999379. Avail-
able from: https://doi.org/10.1155/2014/360438.

41. DakovicD.Malondialdehyde as an Indicator of LocalOxidative
Cell Damage in Periodontitis Patients (Doctoral dissertation,
Military Medical Academy).

42. Trivedi S, Lal N, Mahdi AA, Mittal M, Singh B, Pandey S. Eval-
uation of antioxidant enzymes activity and malondialdehyde
levels in patientswith chronic periodontitis and diabetesmel-
litus. Journal of Periodontology. 2014;85(5):713–20. PMID:
23895253. Available from: https://doi.org/10.1902/jop.2013.
130066.

43. Aziz AS, Kalekar MG, Benjamin T, Suryakar AN, PrakashanMM,
Bijle MN. Effect of nonsurgical periodontal therapy on some
oxidative stressmarkers in patientswith chronic periodontitis:
Abiochemical study. World Journal ofDentistry. 2013;4(1):17–
23. Available from: https://doi.org/10.5005/jp-journals-10015-
1196.

44. Veljovic T, Djuric M, Mirnic J, Gusic I, Maletin A, Ramic B.
Lipid peroxidation levels in saliva and plasma of patients
suffering from periodontitis. Journal of Clinical Medicine.
2022;11(13):3617. PMID: 35806902. Available from: https:
//doi.org/10.3390/jcm11133617.

45. Mostowska A, Hozyasz KK, Jagodzinski PP. Maternal MTR
genotype contributes to the risk of non-syndromic cleft lip
and palate in the Polish population. Clinical Genetics.
2006;69(6):512–7. PMID: 16712703. Available from: https:
//doi.org/10.1111/j.1399-0004.2006.00618.x.

46. Al-Dajani M. Comparison of dental caries prevalence in
patients with cleft lip and/or palate and their sibling con-
trols. TheCleft Palate-Craniofacial Journal. 2009;46(5):529–31.
PMID: 20050376. Available from: https://doi.org/10.1597/08-
003.1.

47. Britton KF, Welbury RR. Dental caries prevalence in children
with cleft lip/palate agedbetween6months and6years in the
West of Scotland. European Archives of Paediatric Dentistry ;
Official Journal of the European Academy of Paediatric Den-

6601

https://www.ncbi.nlm.nih.gov/pubmed/2382062
https://doi.org/10.1016/S0034-5288(18)31052-X
https://doi.org/10.1017/S0003356100027197
https://www.ncbi.nlm.nih.gov/pubmed/2790777
https://www.ncbi.nlm.nih.gov/pubmed/21940522
https://doi.org/10.1177/0022034511422910
https://doi.org/10.1177/0022034511422910
https://www.ncbi.nlm.nih.gov/pubmed/16182901
https://doi.org/10.1016/S0140-6736(05)67424-7
https://www.ncbi.nlm.nih.gov/pubmed/29884158
https://doi.org/10.1186/s12903-018-0557-8
https://www.ncbi.nlm.nih.gov/pubmed/29301042
https://doi.org/10.1093/PMID/fdx184
https://doi.org/10.1093/PMID/fdx184
https://www.ncbi.nlm.nih.gov/pubmed/17208642
https://doi.org/10.1016/S0140-6736(07)60031-2
https://doi.org/10.1016/S0140-6736(07)60031-2
https://www.ncbi.nlm.nih.gov/pubmed/25721273
https://doi.org/10.1111/adj.12262
https://www.ncbi.nlm.nih.gov/pubmed/20846151
https://doi.org/10.1111/j.1601-0825.2010.01675.x
https://doi.org/10.1111/j.1601-0825.2010.01675.x
https://www.ncbi.nlm.nih.gov/pubmed/22508493
https://doi.org/10.1159/000337282
https://doi.org/10.1159/000337282
https://www.ncbi.nlm.nih.gov/pubmed/26125798
https://doi.org/10.4238/2015.June.1.16
https://doi.org/10.4238/2015.June.1.16
https://www.ncbi.nlm.nih.gov/pubmed/20487000
https://doi.org/10.1111/j.1600-0722.2010.00722.x
https://doi.org/10.1111/j.1600-0722.2010.00722.x
https://www.ncbi.nlm.nih.gov/pubmed/24959510
https://doi.org/10.7860/JCDR/2014/8161.4232
https://doi.org/10.7860/JCDR/2014/8161.4232
https://www.ncbi.nlm.nih.gov/pubmed/21747858
https://doi.org/10.1155/2011/405139
https://www.ncbi.nlm.nih.gov/pubmed/28028529
https://doi.org/10.4103/2277-9175.192738
https://doi.org/10.4103/2277-9175.192738
https://www.ncbi.nlm.nih.gov/pubmed/30901933
https://doi.org/10.3390/ijms20061443
https://www.ncbi.nlm.nih.gov/pubmed/31198357
https://doi.org/10.4103/JPBS.JPBS_17_19
https://www.ncbi.nlm.nih.gov/pubmed/27807715
https://doi.org/10.1007/s00784-016-1984-z
https://www.ncbi.nlm.nih.gov/pubmed/7497639
https://doi.org/10.1093/clinchem/41.12.1819
https://doi.org/10.1093/clinchem/41.12.1819
https://www.ncbi.nlm.nih.gov/pubmed/24999379
https://doi.org/10.1155/2014/360438
https://www.ncbi.nlm.nih.gov/pubmed/23895253
https://doi.org/10.1902/jop.2013.130066
https://doi.org/10.1902/jop.2013.130066
https://doi.org/10.5005/jp-journals-10015-1196
https://doi.org/10.5005/jp-journals-10015-1196
https://www.ncbi.nlm.nih.gov/pubmed/35806902
https://doi.org/10.3390/jcm11133617
https://doi.org/10.3390/jcm11133617
https://www.ncbi.nlm.nih.gov/pubmed/16712703
https://doi.org/10.1111/j.1399-0004.2006.00618.x
https://doi.org/10.1111/j.1399-0004.2006.00618.x
https://www.ncbi.nlm.nih.gov/pubmed/20050376
https://doi.org/10.1597/08-003.1
https://doi.org/10.1597/08-003.1


Biomedical Research and Therapy 2024, 11(7):6592-6602

tistry. 2010;11(5):236–41. PMID: 20932398. Available from:
https://doi.org/10.1007/BF03262754.

48. Parapanisiou V, Gizani S, Makou M, Papagiannoulis L. Oral
health status and behaviour of Greek patients with cleft lip
and palate. European Archives of Paediatric Dentistry ; Offi-
cial Journal of the European Academy of Paediatric Dentistry.
2009;10(2):85–9. PMID: 19627672. Available from: https:
//doi.org/10.1007/BF03321606.

49. Du W, Liu L, Li F, Xu S. Genetic Association between the
Risk of Dental Caries and MTR Gene Polymorphism in Chi-

nese Children. The Tohoku Journal of Experimental Medicine.
2024;263(1):63–8. PMID: 38325832. Available from: https:
//doi.org/10.1620/tjem.2024.J011.

50. Antunes LA,MachadoCM,CoutoAC, Lopes LB, Sena FC, Abreu
FV. A polymorphism in the MTRR gene is associated with
early childhood caries and underweight. Caries Research.
2017;51(2):102–8. PMID: 28118645. Available from: https:
//doi.org/10.1159/000451037.

6602

https://www.ncbi.nlm.nih.gov/pubmed/20932398
https://doi.org/10.1007/BF03262754
https://www.ncbi.nlm.nih.gov/pubmed/19627672
https://doi.org/10.1007/BF03321606
https://doi.org/10.1007/BF03321606
https://www.ncbi.nlm.nih.gov/pubmed/38325832
https://doi.org/10.1620/tjem.2024.J011
https://doi.org/10.1620/tjem.2024.J011
https://www.ncbi.nlm.nih.gov/pubmed/28118645
https://doi.org/10.1159/000451037
https://doi.org/10.1159/000451037

	Association study between polymorphisms within MPPED2 (rs12797813), MTR (rs61739582), ACTN2 (rs6656267) and LPO (rs7209537) genes and susceptibility to dental caries: a case-control study
	Introduction
	Methods
	Subjects
	SNPs Genotyping
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments 
	Author's contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References




