\ Journal of
I JINTERNATIONAL

Special Issue: Early Childhood Caries MEDICAL RESEARCH

Journal of International Medical Research
° ° 48(7) 1-9
Lack of associations © The Author(s) 2020

Article reuse guidelines:

betwe e n IactOfe rri n (LTF) sagepub.com/journals-permissions

DOI: 10.1177/0300060520943428

and mannose-binding lectin 2 fournassagepub.comhomelime
(MBL2) gene polymorphism SAGE
and dental caries

susceptibility

Xiao-Pan Hu'* ®, Hai-jing Zhou'*,
Zhi-Qiang Li?, Tian-Zhu Song' and
Yan-Yan Zhu'

Abstract

Objective: With the development of human genomics, the genetic factors associated with dental
caries have receiving increasing attention. This study was performed to evaluate the relationship
between lactoferrin (LTF) and mannose-binding lectin 2 (MBL2) gene single nucleotide polymor-
phisms (SNPs) and dental caries susceptibility in Chinese children.

Methods: This prospective case—control study included 360 unrelated children (aged 12-15
years) who received oral health examinations and questionnaire surveys. The children were
divided into two groups by counting the numbers of decayed, missing, and filled teeth (DMFT/
dmft): case group (n= 162, DMFT/dmft > I) and control group (n= 198, DMFT/dmft = 0); non-
invasive saliva samples were collected to extract genomic DNA. Six SNPs (rs2073495C/G,
rs1042073CIT, rs10865941CIT, and rsl126477A/G in LTF; rs7096206C/G and rs7095891G/A in
MBL2) were tested by mass spectrometry.

Results: The study included 360 individuals with (85 boys and 77 girls) and without a history of
caries (96 boys and 102 girls). There were no statistically significant differences in alleles and
genotypes among the six SNPs between the two groups.

Conclusion: There is no evidence that polymorphisms of LTF and MBL2 genes are associated
with dental caries susceptibility in populations from northwest China; further confirmation is
needed with larger sample sizes.
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Introduction

Dental caries is one of the most common
and multifactorial chronic infectious dis-
eases worldwide.' It can cause pain and dis-
comfort, and may lead to poor quality of
life in modern society. If dental caries
spreads to the tooth nerve, it can produce
sharp pain. In patients with severe dental
caries, only the root or residual crown
remains, which reduces mastication
efficiency; affects digestion and nutrient
absorption; and may cause indigestion, gas-
trointestinal diseases, and other infectious
diseases.”

In China, according to the 4th National
Oral Health Survey, the dental caries rates
in permanent teeth are 38.5% for 12-
year-old children, 41.2% for 13-year-old
children, 43.3% for 14-year-old children,
and 44.4% for 15-year-old children; nota-
bly, these caries rates are high and increase
with age.” It has been reported that dental
caries is highly prevalent worldwide, affect-
ing 60% to 90% of school-aged children.®
However, prevention measures are limited
and dental caries control is a serious
public health problem that merits global
attention.’

Because of advances in molecular biolo-
gy and the development of human geno-
mics, genetic factors are increasingly
presumed to play important roles in the
development of dental caries.> ' This
notion is supported by data from familial
aggregation'' and twin studies' regarding
the heritability of dental caries. Genes asso-
ciated with dental caries susceptibility are
generally concentrated mainly in four cate-
gories: enamel formation, salivary proteins,

immune response, and taste.'*> However,

these findings have been inconsistent and
additional research is needed to confirm
the precise relationships of the genes with
dental caries susceptibility. Therefore, this
study was performed to evaluate the rela-
tionships of six SNPs (rs2073495C/G,
rs1042073C|T, rsl0865941C|T, rsl12647
7A4/G, rs7096206C/G, and rs7095891G/A)
in two candidate genes (LTF and MBL2)
with dental caries susceptibility in Chinese
children.

Materials and methods

Participants

This prospective case-control study con-
sisted of unrelated children aged 12 to
15 years living in Diebu County, Gansu
Province (in the northwestern region of
China). All children were recruited from
the two junior high schools in the county.
Inclusion criteria were as follows: (i) perma-
nent residency in Diebu County; (ii) compre-
hension of the study content and voluntary
participation. Exclusion criteria were as fol-
lows: (i) presence of syndromic or systemic
diseases; (ii) biological relationship with
other children in the study (e.g., siblings);
(iil) ongoing or prior orthodontic treatment.

All participants underwent dental exami-
nations and received questionnaire surveys
administered by two attending stomatolo-
gists with standardized training who exhib-
ited an interobserver Kappa of 0.8. Tooth
decay was diagnosed by using a magnifying
glass, in accordance with a modified version
of the protocol recommended by the World
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Health Organization.'* Participants were
divided into two groups based on the num-
bers of decayed, missing, and filled teeth in
primary and permanent dentition (DMFT/
dmft indexes; third molars, sealed teeth,
and aesthetic restorations were excluded):
case group (DMFT/dmft>1) and control
group (DMFT/dmft=0). The study was
approved by the ethics committee of
Northwest Minzu University (approval no.
XBMU-YX-2019001); written informed
consent was obtained from all participants
and their parents/legal guardians.

SNP selection

In accordance with the functional SNP
strategy, site optimization was performed
as follows: (i) LTF and MBL2 genes were
identified in the NCBI SNP database
(http://www.ncbi.nlm.nih.gov/snp/), using
the GeneView interface (i.e., Clinical
Source and gene in region); the gene pro-
moter, 5-untranslated region, exon (mis-
sense or synonymous), and 3’-untranslated
region were selected (minor allele frequency
in Han Chinese of Beijing >0.05 was
required, according to the HapMap or
1000 Genomes database); (i) LTF and
MBL2 genes were identified in the
Ensembl database (http://asia.ensembl.org/
index.html/), using the Variation table
interface; the gene in the Splice region var-
iant and Upstream gene variant data were
selected (minor allele frequency in Han

Table I. SNPs selected in present study.

Chinese of Beijing >0.05, according to
HapMap or 1000 Genomes database) and
these data were added to the Functional
SNP loci; (iii) Functional predictions were
made for the selected SNP loci (http://
snpinfo.niehs.nih.gov/). The SNP site infor-
mation selected in this study is shown in
Table 1.

DNA isolation and genotyping

Non-invasive saliva samples (2 mL) were
collected and DNA was extracted using a
Genomic DNA Isolation Kit (BioMiao
Biological Technology, Beijing, China), in
accordance with the manufacturer’s instruc-
tions; DNA was then stored at —20°C until
SNP analysis. All six SNPs in the two can-
didate genes were genotyped using an
iPLEX Mass ARRAY® system (Agena
Bioscience, San Diego, CA, USA), the
main methods were identical to those used
in our previous study.'> The polymerase
chain reaction primer sequences are shown
in Table 2.

Statistical analysis

All data were entered in a double-blinded
manner to ensure accuracy. Data analysis
was performed by SPSS Statistics for
Window, version 17.0 (SPSS Inc.,
Chicago, IL, USA). To evaluate differences
in terms of allele, genotype, sex, and age
between case and control groups, odds

Candidate Type of Base Minor allele frequency
gene SNP loci alteration change in Han Chinese of Beijing
LTF rs2073495 Missense C/G 0.325

LTF rs1042073 Synonymous cIT 0.335

LTF rs10865941 Promoter CIT 0.476

LTF rsl 126477 Missense AIG 0.408

MBL2 rs7096206 Promoter C/IG 0.136

MBL2 rs7095891 Promoter G/A 0.146

LTF, lactoferrin; MBL2, mannose-binding lectin 2; SNP, single nucleotide polymorphism.


http://www.ncbi.nlm.nih.gov/snp/
http://asia.ensembl.org/index.html/
http://asia.ensembl.org/index.html/
http://snpinfo.niehs.nih.gov/
http://snpinfo.niehs.nih.gov/

Journal of International Medical Research

Table 2. Primer sequences and Tm for polymerase chain reaction analysis.

F: 5-ACGTTGGATGTGCCACCTTCTTTTTCTCCC-3'
R: 5-ACGTTGGATGAGTCTGCCAGCTTCAAATCC-3’
F: 5-ACGTTGGATGTCACAGACTCACCGGAAAGC-3'
R: 5'-ACGTTGGATGGAGCAGGGTGAGAATAAGTG-3'
F: 5-ACGTTGGATGTCCAGATGCTCACATCCCTG-3
R: 5-ACGTTGGATGAGCATGGGTAGGCAACAGG-3’
F: 5-ACGTTGGATGTCTCTCCCAGGACTGTGTCT-3'
R: 5-ACGTTGGATGTGGAAGCATTTTGTGGCCTC-3’
F: 5-ACGTTGGATGACGGTCCCATTTGTTCTCAC-3'
R: 5-ACGTTGGATGTTCATCTGTGCCTAGACACC-3'

SNP Tm, °C Primer sequence
rs2073495CIG 47.5
rs1042073CIT 45.3
rs10865941CIT 50.8
rsl126477A1G 45.9
rs7096206C/G 45.5
rs7095891G/A 51.8

F: 5-ACGTTGGATGACCCAGATTGTAGGACAGAG-3’
R: 5-ACGTTGGATGGTGAGAAAACTCAGGGAAGG-3'

SNP, single nucleotide polymorphism; Tm, melting temperature; F, forward; R, reverse.

Table 3. Demographic and oral characteristics of participants.

Total sample  Case group Control group
DMFT > | DMFT =0

Characteristics n=360 n=162 n=198 ¥* value P value
Mean age, years (range) 14 (12-15) 13.8 (12-15) 14.1 (12-15)
Sex

Male 181 (50.3) 85 (52.5) 96 (48.5)

Female 179 (49.7) 77 (47.5) 102 (51.5) 0.566 0.452
Daily tooth brushing

< time or no brushing 124 (34.4) 58 (35.8) 66 (33.3)

| time 192 (53.3) 84 (51.9) 108 (54.5)

>2 times 44 (12.3) 20 (12.3) 24 (12.1) 0.283 0.868
Dental floss use

Yes 16 (4.4) 7 (4.3) 9 (4.5)

No 344 (95.6) 155 (95.7) 189 (95.5) 0.011 0918
Fluoride toothpaste use

Yes 30 (8.3) 13 (8.1) 17 (8.6)

No 330 (91.7) 149 (91.9) 181 (91.4) 0.037 0.848

Data presented as n (%), except where indicated.

Abbreviation: DMFT, numbers of decayed, missing, and filled teeth.

ratios were calculated and the y* test was
used. P values <0.05 were considered to
indicate statistical significance.

Results

The study included 360 children with
(n=162; 85 boys and 77 girls; case group)
and without a history of caries (n=198;

96 boys and 102 girls; control group).
Table 3 shows the participants’ demograph-
ic and oral characteristics.

The distributions of the six SNP frequen-
cies in the LTF and MBL2 genes were in
Hardy—Weinberg equilibrium in both case
and control groups (data not shown).
Allele and genotype frequencies of LTF
and MBL2 gene polymorphism in the case
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Table 4. Allele and genotype frequencies of LTF and MBL2 gene polymorphisms in |2- to |5-year-old

children.
Genotypes  Case group  Control group Odds ratio
Gene SNP and alleles n=162° n=198" p-value  (95% confidence interval)®
CcC 71 (45.5) 97 (50.0) 0.612 -
LTF rs2073495  CG 75 (48.1) 83 (42.8)
(CIG) GG 10 (6.4) 14 (7.2)
C 217 (69.6) 277 (71.4) 0.595 1.092 (0.788-1.514)
G 95 (30.4) 11 (28.6)
CcC 56 (35.9) 63 (32.5) 0.643 -
rs1042073  CT 79 (50.6) 108 (55.7)
(CIT) TT 21 (13.5) 23 (11.8)
C 191 (61.2) 234 (60.3) 0.807 0.963 (0.709-1.306)
T 121 (38.8) 154 (39.7)
CcC 45 (28.3) 60 (30.9) 0.787 -
rs10865941 CT 92 (57.9) 111 (57.2)
(CIT) TT 22 (13.8) 23 (11.9)
C 182 (57.2) 231 (59.5) 0.537 1.099 (0.814-1.485)
T 136 (42.8) 157 (40.5)
AA 50 (30.9) 46 (23.7) 0.318 -
rsl 126477  AG 84 (51.8) 11 (57.2)
(A/G) GG 28 (17.3) 37 (19.1)
A 184 (56.8) 203 (52.3) 0.233 0.835 (0.0.621-1.123)
G 140 (43.2) 185 (47.7)
GG 121 (76.6) I55 (79.1) 0.230 -
MBL2  rs7095891 GA 37 (23.4) 39 (19.9)
(G/IA) AA 0 (0.0 2 (1.0)
G 279 (88.3) 349 (89.1) 0.757 1.076 (0.675-1.717)
A 37 (11.7) 43 (10.9)
CcC 133 (82.6) 152 (76.8) 0.392 -
rs7096206  CG 25 (15.5) 41 (20.7)
(CIG) GG 3(1.9) 5(2.5)
C 291 (90.4) 345 (87.1) 0.173 0.721 (0.449-1.156)
G 31 (9.6) 51 (12.9)

Data presented as n (%).

*Total sample sizes differ among SNPs because the genotypes of some SNPs were unreadable.

®Adjusted for sex and age in the allele.

Abbreviations: LTF, lactoferrin; MBL2, mannose-binding lectin 2; SNP, single nucleotide polymorphism.

and control groups are shown in Table 4.
No significant differences were found in the
frequencies of the six SNPs between the two
groups.

Discussion

The age of 12 to 15 years is a period of
susceptibility to permanent caries, during

which the caries rate begins to rise. Caries
prevention measures are crucial to strength-
en the young permanent teeth of children in
this age group.® This analysis was undertak-
en to improve the oral health of children
aged 12 to 15 years and better understand
the dental caries susceptibility factors in
children by through epidemiological inves-
tigation and genetic testing; the results may
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aid in formulation of health policies by
local health authorities.

Dental caries is a chronic disease that is
mainly caused by environmental and host
factors; thus, early detection, early diagno-
sis, and early treatment are important con-
siderations for prevention and treatment of
dental caries.®'® In the present study, all
participating children were permanent resi-
dents of a relatively small region of China,
which minimized sample heterogeneity. Our
epidemiological investigation showed that
these children had similar socioeconomic
backgrounds, diets, water fluoride concen-
trations, and oral hygiene statuses (some
data not shown). Notably, 34.4% of the
children in the survey population did not
brush their teeth daily; the rates of floss
and fluoride toothpaste use were very low.
However, there were no statistically signifi-
cant differences between the case and con-
trol groups. Nevertheless, environmental
factors may play an important role in the
development and progress of dental caries,
and further systematic research is needed to
determine their contributions.

In addition to environmental factors,
many reviews and systematic evaluations
have shown that genetic polymorphisms
are associated with dental caries susceptibil-
ity.!”" LTF is a gene encoding a multi-
functional iron-binding glycoprotein in
mammals. This protein is secreted mainly
by eosinophilic neutrophils and is present
in various biological body fluids (e.g.,
saliva, tears, and other fluids); thus, it is
an important non-heme iron-binding pro-
tein in the human body.?® The LTF protein
exhibits anti-infection and immunomodula-
tory effects; by reducing the concentration
of iron in the oral cavity, it can inhibit bac-
terial adhesion that contributes to the for-
mation of plaque biofilm, thereby inhibiting
bacterial growth, reducing bacterial
virulence, and preventing dental caries
occurrence.”’ ?* The LTF gene is located
in human chromosome region 3p2l; it

contains 17 exons encoding approximately
700 amino acid residues (23-25 kb).>***
Changes in its gene-coding sequence may
cause abnormal protein structure, thereby
affecting its function.”

Studies regarding the relationship
between LTF gene polymorphisms and
dental caries have previously focused on
rs1126478. Azevedo et al.?° found that the
rs1126478 polymorphism was associated
with caries susceptibility in a Brazilian pop-
ulation; the DMFT index of individuals
carrying allele A was significantly reduced,
suggesting that allele A may be a protective
factor against caries. Fine et al.?” also found
that the risk of caries was significantly
lower in individuals with the AA genotype.
However, Volckova et al.®® and Wang
et al.*” showed no significant associations
between this polymorphism and caries sus-
ceptibility in a Czech population (aged
11-13 years) and a Chinese population
(aged 4 years). Subsequently, researchers
analyzed other LTF polymorphisms
(rs6441989, rs2073495, rs11716497, rsil
26477, rs67994108, rs28365893, rs4637321,
135869674, and rs5848800) and found that
rs6441989 allele A was associated with pro-
tection against the occurrence of caries; no
associations were found with other poly-
morphisms.*® ** However, the role of the
LTF gene in caries susceptibility is not yet
fully clear. In the present study, we ana-
lyzed the relationship between LTF gene
polymorphisms  (rs1126477, rs2073495,
rs10865941, and rsl042073) and dental
caries susceptibility among children in
northwestern China; we found no associa-
tions in this population, and the exact role
of LTF in dental caries susceptibility
requires further investigation.

MBL?2 is a gene encoding serum aggluti-
nin secreted by the liver, which plays an
important role in the natural immune
defense system; the protein contributes to
complement activation, opsonophagocyto-
sis, inflammatory response regulation, and



Hu et al.

apoptosis.®> The MBL?2 gene contains four
exons and three introns; it is located on
chromosome 10.** MBL2 is a candidate
susceptibility gene for infectious diseases:
the association between MBL2 gene poly-
morphisms and caries susceptibility was
first reported by Pehlivan et al..>> who ana-
lyzed two SNPs (codons 54 and 57) using
polymerase chain reaction restriction frag-
ment length polymorphism assays; howev-
er, they did not find any significant
associations.  Subsequently,  Olszowski
et al.’° studied the relationships of MBL2
(rs1100325 and rs1800450) gene polymor-
phisms and caries in children; they found
that allele G was a risk factor for caries.
Other studies have revealed similar
results.>”*® In the present study, no rela-
tionships with dental caries were found
involving MBL2 (rs7096206C/G) (odds
ratio, 0.721; 95% confidence interval,
0.449-1.156) or MBL2 (rs7095891G/A)
(odds ratio, 1.076; 95% confidence interval,
0.675-1.177). The distribution of MBL2
(rs7096206C/G) genotype in our study was
similar to that of Shimomura-Kuroki
et al.;** however, they found that the
enhanced buffering capacity and CC geno-
type in the MBL2 gene led to significant
reduction of the DMFT index. However,
the precise nature of the relationship
between dental caries and MBL2 requires
further investigation.

In summary, because of differences in
sample size, participant ethnicity, and
experimental design, our results differ
from the findings of some published litera-
ture, which suggests a need for future veri-
fication studies. The present study showed
no evidence that polymorphisms of these
genes (LTF and MBL2) are associated
with dental caries susceptibility in children
from northwest China. However, it is gen-
erally believed that salivary flow, pH, and
salivary composition are important factors
in the occurrence and development of
dental caries;***° this study did not include

assessments of these parameters, which may
have influenced the findings. In addition,
the sample size was limited, which may
reduce the generalizability of the findings.
Therefore, further studies are needed with
larger sample sizes and more comprehen-
sive investigation methods.

Acknowledgements

We thank Limei Jin from Gansu University of
Traditional Chinese Medicine for aid with statis-
tical analysis. We also thank all volunteers who
agreed to participate in this study.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This study was funded by the Fundamental
Research Funds for the Central Universities
(Northwest Minzu University; grant no.
3192020082) and the Innovation Group Project
of Basic Research in Gansu Province (grant no.
17JR5RA274).

ORCID iD

Xiao-Pan Hu (@ https://orcid.org/0000-0003-
3744-2462

References

1. Benzian H, Hobdell M and Mckay J.
Putting teeth into chronic diseases. Lancet
2011; 377: 464.

2. Lin TH, Lin CH and Pan TM. The implica-
tion of probiotics in the prevention of dental
caries. Appl Microbiol Biotechnol 2018; 102:
577-586.

3. Kogure M, Suzuki H, Ishiguro S, et al.
Dialister pneumosintes bacteremia caused
by dental caries and sinusitis. Intern Med
2015; 54: 663-667.

4. Mehtonen IT, Rantala AK, Hugg TT, et al.
Dental caries is associated with lower respi-
ratory tract infections: a population-based
cohort study. Respir Med 2019; 158: 1-5.


https://orcid.org/0000-0003-3744-2462
https://orcid.org/0000-0003-3744-2462
https://orcid.org/0000-0003-3744-2462

Journal of International Medical Research

10.

11.

12.

13.

14.

15.

16.

17.

. Kang SW, Yoon 1,

. Quan JK, Wang XZ, Sun XY, et al

Permanent teeth caries status of 12- to 15-
year-olds in China: findings from the 4th
National Oral Health Survey. Chin J Dent
Res 2018; 21: 181-193.

. Peterson PE. The World Oral Health Report

2003: continuous improvement of oral
health in the 21st century — the approach
of the WHO Global Oral Health
Programme.  Community — Dent  Oral
Epidemiol 2003; 31: 3-23.

. Petersen PE, Bourgeois D, Ogawa H, et al.

The global burden of oral diseases and risks
to oral health. Bull World Health Organ
2005; 83: 661-669.

. Patir A, Seymen F, Yildirim M, et al.

Enamel formation genes are associated
with high caries experience in Turkish chil-
dren. Caries Res 2008; 42: 394-400.

Lee HW, et al
Association between AMELX polymor-
phisms and dental caries in Koreans. Oral
Dis 2011; 17: 399-406.

Cavallari T, Salomao H, Moysés ST, et al.
The impact of MUCSB gene on dental
caries. Oral Dis 2018; 24: 372-376.

Klein H. Dental caries (DMF) experienced
by relocated children exposed to water con-
taining fluorine. J Am Dent Assoc 1946; 33:
1136-1141.

Shuler CF. Inherited risks for susceptibility
to dental caries. J Dent Educ 2001; 65:
1038-1045.

Werneck RI, Mira MT and Trevilatto PC.
A critical review: an overview of genetic
influence on dental caries. Oral Dis 2010;
16: 613-623.

World Health Organization. Oral health sur-
veys basic methods. Geneva: World Health
Organization, 2013, p.1-125.

Hu XP, Song TZ, Zhu YY, et al
Association of ENAM, TUFT1, MMPI3,
IL1B, IL10 and IL1RN gene polymorphism
and dental caries susceptibility in Chinese
children. J Int Med Res 2019; 47: 1696-1704.
Rajendra Santosh AB, Boyd D and
Laxminarayana KK. Clinical outline of
oral diseases. Dent Clin North Am 2020; 64:
1-10.

Lips A, Antunes LS, Antunes LA, et al.
Salivary protein polymorphisms and risk of

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

dental caries: a systematic review. Oral Res
2017; 31: e4l.

Cavallari T, Arima LY, Ferrasa A, et al.
Dental caries: genetic and protein interac-
tions. Arch Oral Biol 2019; 108: 104522.
Piekoszewska-Zigtek P, Turska-Szybka A
and Olczak-Kowalczyk D. Single nucleotide
polymorphism in the aetiology of caries: sys-
tematic literature review. Caries Res 2017,
51: 425-435.

Sargent PJ, Farnaud S and Evans RW.
Structure/function overview of proteins
involved in iron storage and transport.
Curr Med Chem 2005; 12: 2683-2693.
Ochoa TJ and Clearly TG. Lactoferrin dis-
ruption of bacterial type III secretion sys-
tems. Biometals 2004; 17: 257-260.

Caraher EM, Gumulapurapu K, Taggart
CC, et al. The effect of recombinant
human lactoferrin on growth and the antibi-
otic susceptibility of the cystic fibrosis path-
ogen Burkholderia cepacia complex when
cultured planktonically or as biofilms.
J Antimicrob Chemother 2007; 60: 546-554.
Kim SJ, Yu DY, Pak KW, et al. Structure of
the human lactoferrin gene and its chromo-
somal localization. Mol Cells 1998; 8:
663-668.

Teng CT. Lactoferrin gene expression and
regulation: an overview. Biochem Cell Biol
2002; 80: 7-16.

Teng CT and Gladwell W. Single nucleotide
polymorphisms (SNPs) in human lactoferrin
gene. Biochem Cell Biol 2006; 84: 381-384.
Azevedo LF, Pecharki GD and Brancher
JA. Analysis of the association between lac-
totransferrin (LTF) gene polymorphism and
dental caries. J Appl Oral Sci 2010; 18:
166-170.

Fine DH, Toruner GA, Velliyagounder K,
et al. A lactotransferrin single nucleotide
polymorphism  demonstrates  biological
activity that can reduce susceptibility to
caries. Infect Immun 2013; 81: 1596-1605.
Volckova M, Borilova Linhartova P and
Trefna T. Lack of association between lac-
totransferrin - polymorphism and dental
caries. Caries Res 2014; 48: 39-44.

Wang M, Qin M and Xia B. The association
of enamelin, lactoferrin, and tumour necro-
sis factor alpha gene polymorphisms with



Hu et al.

30.

31.

32.

33.

34.

35.

high caries susceptibility in Chinese children
under 4 years old. Arch Oral Biol 2017; 80:
75-81.

Brancher AJ, Pecharki GD, Doetzer AD,
et al. Analysis of polymorphisms in the lac-
totransferrin gene promoter and dental
caries. Int J Dent 2011; 2011: 571726.
Doetzer AD, Brancher A, Pecharki GD,
et al. Lactotransferrin gene polymorphism
associated with caries experience. Caries
Res 2015; 49: 370-377.

Wang M and Qin M. Lack of association
between LTF gene polymorphisms and dif-
ferent caries status in primary dentition.
Oral Dis 2018; 24: 1545-1553.
Shimomura-Kuroki J, Nashida T,
Miyagawa Y, et al. The role of genetic fac-
tors in the outbreak mechanism of dental
caries. J Clin Pediatr Dent 2018; 42: 32-36.
Kilpatrick DC. Mannan-binding lectin and
its role in innate immunity. Transfus Med
2003; 12: 335-352.

Pehlivan S, Koturoglu G, Ozkinay F, et al.
Might there be a link between

36.

37.

38.

39.

40.

mannose-binding lectin polymorphism and
dental caries? Mol Immunol 2005; 42:
1125-1127.

Olszowski T, Adler G, Janiszewska-
Olszowska J, et al. MBL2, MASP2,
AMELX, and ENAM gene polymorphisms
and dental caries in Polish children. Oral Dis
2012; 18: 389-395.

Mokhtari MJ, Koohpeima F and Hashemi-
Gorji F. Association of the risk of dental
caries and polymorphism of MBL2
rs11003125 gene in Iranian adults. Caries
Res 2019; 53: 60—64.

Alyousef YM, Borgio JF, Abdul Azeez S,
et al. Association of MBL2 gene polymor-
phism with dental caries in Saudi children.
Caries Res 2017; 51: 12-16.

Leone CW and Oppenheim FG. Physical
and chemical aspects of saliva as indicators
of risk for dental caries in humans. J Dent
Educ 2001; 65: 1054-1062.
Lenander-Lumikari M and Loimaranta V.
Saliva and dental caries. Adv Dent Res
2000; 14: 40-47.



	table-fn1-0300060520943428
	table-fn2-0300060520943428
	table-fn3-0300060520943428
	table-fn4-0300060520943428
	table-fn5-0300060520943428
	table-fn6-0300060520943428
	table-fn7-0300060520943428
	table-fn8-0300060520943428

