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Received: 22 June, 2020 gene and dental fluorosis among 4- and 8-year-old Nigerian children.

Accepted: 1 August, 2020 Methods: A cross-sectional study was undertaken among 125 four and eight-year-old Nigerian children
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Keywords: for F analysis. Buccal mucosa swabs were collected from all children and genomic DNA extracted. Presence
Single nucleotide polymorphisms or absence of the SNP within the COL1A2 gene was identified by PCR and DNA sequencing for 70 of the
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dental fluorosis Results: The median (minimum, maximum) F concentration of drinking and cooking water were 0.05 (<0.1,
fluoride 3.0) mg/L and 0.01 (<0.1, 4.0) mg/L respectively. The majority of the study participants (52.9%) were

heterozygous for the SNP. There was a statistically significant association between F concentration in
drinking water and the occurrence of dental fluorosis (p=0.04). F concentration in drinking water was the
only statistically significant predictor of dental fluorosis (p=0.03, OR=3.64(C1=1.11-11.94)) after adjusting
for F concentration in cooking water and SNPs. The risk of dental fluorosis tended to increase with the
presence of SNPs AA and AC (RR > 1) but this association was not statistically significant.

Conclusion: The majority of the study participants had the heterozygote SNP AC genotype of COL1A2
gene. F concentration in drinking water was the only statistically significant predictor of dental fluorosis.
The risk of dental fluorosis tended to increase with the presence of SNPs AA and AC (RR > 1) but was not
statistically significant.
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kidney, brain and pancreas [3-5]. In the teeth, excessive ingestion of F
can increase the risk of development of dental fluorosis, a disturbance of
enamel formation which is clinically significant since it is responsible
for aesthetic problems, dentinal sensitivity, wear, dentofacial anomalies
as well as predisposition to dental caries [6, 7]. In a review of F and
dental caries prevention in children, Lewis (2014) reported that artificial
community water fluoridation schemes have led to markedly decreased
rates of dental caries globally [8].

Introduction

Numerous studies show that fluoride (F) plays a key role in the
prevention and control of dental caries, predominantly through its topical
rather than its systemic effect [1, 2]. Topical oral exposure to low
concentrations of F can help prevent demineralisation and promote
remineralisation of early carious lesions [2]. However, excessive
accumulation of F in the body can cause serious health problems in hard
tissues (skeleton and teeth) as well as in soft tissues such as the liver,
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However, although mild fluorosis can be found in artificially fluoridated
areas, severe fluorosis is usually only reported in naturally fluoridated
areas [9]. Conversely, some studies have reported a high prevalence of
dental fluorosis even in communities with low F drinking water
concentrations (<0.5 mg/L) and this is thought to be due to the influence
of fluoride from other sources or other internal influences acting directly
on fluorosis development [10, 11]. These influences include factors
affecting the bioavailability of ingested F and an individual’s genetic
background [12, 13].

A potential way of reducing some of the burden of dental fluorosis is to
identify susceptible populations within the community. There have been
several indications of a potential influence of genetics on the
susceptibility to dental fluorosis, however, less has been done to explore
the effect of a gene polymorphism on susceptibility. Polymorphisms in
calcium or bone metabolism related genes such as oestrogen, calcitonin,
and osteocalcin might be associated with dental fluorosis in some
Chinese populations [14]. A polymorphism in the gene that codes for the
Collagen 1 (A2) (COL1AZ2); accession number NM_00089.3) protein
has previously been identified as being associated with an increased risk
of developing dental fluorosis in populations exposed to high F. The
polymorphism identified is at position 1919 in the mRNA sequence of
COL1AZ2, and causes a missense mutation from a C to an A, resulting in
an amino acid residue change from alanine to aspartic acid at position
483 of the protein formed [15]. This previous study which was carried
out in a Chinese population with high F exposure provided both support
for the plausibility of a role for genetic factors in aetiology of dental
fluorosis as well as preliminary evidence for a specific role for COL1A2
[15].

The authors reported an association between the COL1A2
polymorphism (rs414408) and dental fluorosis only in high F areas
which is suggestive of gene-environment interaction. However, since the
China study was carried out in areas of 2 ppm water F, further studies
are needed to confirm this finding and to investigate the impact of this
polymorphism in different study populations. Further mutations in the
COL1AZ2 gene have also been linked to a wide spectrum of diseases of
bone, cartilage and blood vessels [16]. Other have also reported
significant associations between bone phenotypes such as bone mineral
density and content and specific genes, including COL1A2 [17-19]. This
COL1AZ2 gene may have the potential to act as a biomarker which could
be used to identify high-risk populations that are genetically susceptible
to dental fluorosis, which would help to guide clinical and public health
decisions concerning the optimal use of F at community and individual
level. The current study aimed to determine the association between
SNPs within the COL1A2 gene and dental fluorosis among 4 and 8-year-
old Nigerians with and without dental fluorosis, residing in areas with
different water F concentrations.

Materials and Methods

The study proposal was approved by the Ethics Committee, Newcastle
University, UK and the University of Ibadan Ethical Review Board and
written informed consent was obtained from parents or legal guardians
of the study participants. A cross-sectional study was conducted in
Ibadan, Nigeria where dental fluorosis has been previously reported [20].
The fluoride concentration of water in Ibadan ranges between 0.07 ppm
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and 2.13 ppm [21]. Cluster sampling of 302 four-year-olds and 322
eight-year-olds of both genders was undertaken, in randomly selected
nursery and primary schools respectively, as part of a larger project, from
which a 20% subsample (n=65 four-year-olds and 60 eight-year-olds)
who met inclusion criteria and then randomly selected from the main
sample to participate in this present study [22]. Inclusion criteria for the
included being healthy and residence in study area since birth. Samples
of drinking and cooking waters consumed by study participants were
obtained for F analysis by direct method using a F —ion selective
electrode [21, 23].

A clinical dental examination was undertaken by an examiner who had
been trained and calibrated in the diagnosis of dental fluorosis using the
Thylstrup and Fejerskov index with the support of appropriate reference
and calibration materials, using a wooden spatula, dry gauze and a
disposable mouth mirror (DenLite Illuminated Dental Mirror, Miltex
Inc. USA) [24]. The participant rinsed their oral cavity with clean water
and a buccal mucosa swab was taken by the dental examiner by rubbing
a non-invasive swab matrix (Isohelix DNA Buccal Swab — SK-1S) on
the mucosa of the participant’s cheek 5 to 10 times. The swab head was
placed into a labelled 5ml tube containing RNAlater solution (Ambion),
a storage media that stabilizes and protects cellular RNA.

Genomic DNA was extracted from the buccal mucosa using PureLink
kit (Life Technologies, UK). All DNA samples were subjected to PCR
using oligonucleotide primers generating a 500 bp product containing
the SNP of interest ((forward primer 5
GGGATCCTCGGCCCCGCTGGAAAAGAA 3’ and reverse primer 5’
CCGAATTCACCTTTATCACCGTTTTTGCCA 3’; Integrated DNA
services (IDT, UK)). The PCR was undertaken in reaction mixtures each
containing 1 pg of genomic DNA and 12.5 pl of Taq Master Mix
(containing 2 X buffer, Tag, polymerase, Mg?* and dNTPs; NE Bioline).
To the mixture, 0.5 uM of forward and 0.5 uM of reverse primers were
added and water, up to a volume of 25 pl was added. The PCR was
performed on T-Gradient thermocyclers (Gene Amp PCR System,
Whatman biometra, Goettingen, Germany) at 95°C for 5 minutes, 95°C
for 30 seconds, 58°C for 30 seconds, and 72°C for 60 seconds over 30
cycles. PCR negative reactions were carried out at the same time, where
reactions contained no genomic DNA.

After PCR amplification, 8uL of the respective PCR products were
electrophoresed on a 1.0% w/v agarose gel in 1 Tris-Acetate-
Ethylenediaminetetraacetic acid (TAE) and 10ul of gel red nucleic acid
stain (Phenix RGB — 4103). Gels were visualised on a UV trans-
illuminator and images were taken. Of the 125 genomic samples, only
70 PCR products were deemed adequate to be sequenced. Sequencing
was carried out by MWG-Eurofins, Milton Keynes, UK using the
sequencing primer 5’ GTCCAGCCAATCCAATGTTGCC 3°.
Sequencing chromatograms were inspected visually to identify the SNP.

Data for the 70 participants whose DNA were sequenced were entered
into Statistical Package of Social Sciences (SPSS) software version 22
for data analysis. Frequencies and proportions were generated. A Chi-
square test was used to investigate the association between categorical
variables at (p<0.05). Binary regression analysis was undertaken to
estimate the relationship between the dichotomous dependent variables
(presence/absence of dental fluorosis) and the explanatory independent
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variables (type of SNP and F concentration in drinking and cooking
water) at p<0.05.

Results

The mean (SD) F concentrations of drinking and cooking water were
0.25 mg/l (0.48) and 0.25 mg/l (0.64) respectively. The median
(minimum, maximum) F concentration of drinking and cooking waters
were 0.05 (<0.1, 3.0) mg/l and 0.01 (<0.1, 4.0) mg/I respectively.
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Figure 1: DNA sequences showing the substitution region, SNP
rs412777 (i) AA or ii) CC or iii) AC (identified by the double peak)),
identified by the green arrow. The previously identified SNP (rs414408)
is identified on the chromatograms by a blue arrow.

Sequencing of the COL1A2 PCR product and comparison with the SNP
database identified an allele change of an A to a C, at position 1917bp in
the COL1AZ2 gene (resulting in a proline to proline at position 482 on the
protein) [25]. This SNP has previously been identified as part of a study
investigating osteogenesis imperfecta (Ol) types | or Ill but to our
knowledge has not specifically been looked at in relation to fluorosis
risk, (rs412777) [26]. The previously identified C to an A SNP at
position 1919 (rs414408) was not observed in any of our samples
analysed in this population. The base associated at this position was
recorded as either ‘AA’, ‘CC’ or ‘AC’. Heterozygous samples were
visualised as 2 over laying peaks. Figure 1 shows three representative
chromatograms, from participants who carried the ‘“‘AA’ base (i), CC’
base (ii) and ‘AC’ base (iii).

Table 1 shows the distribution of the SNPs. The majority of the study
participants 37/70 (52.9%) had the heterozygote SNP AC. There was a
statistically significant association between F concentration in drinking
water and the occurrence of dental fluorosis in this study population
(Table 2, p=0.04). Participants who drank water that contained between
0.21 — 3.0 mg/l F had a significantly increased risk of dental fluorosis
compared with those who drank water containing < 0.20 mg/l F (RR =
3.61, Cl: 1.19, 10.95). There was no statistically significant association
between F concentration in cooking water and the occurrence of dental
fluorosis (p=0.15).

Table 1: Distribution of Single Nucleotide Polymorphism (SNP) among
study participants (n=70).

Single Nucleotide Polymorphism Number (%)
AC 37 (52.9)
cC 24 (34.2)
AA 9 (12.9)
Total 70 (100.0)

Table 2: Relationship between fluoride concentration in drinking and cooking water and dental fluorosis (n=70).

Fluoride concentration (mg/l) [Dental fluorosis Total P value RR (95% CI)
Present No. (%) Absent No. (%) No. (%)

Drinking water

0.21-3.0 10 (45.5) 12 (54.5) 22 (100.0) 0.04 3.61(1.19, 10.95)

< 0.20 9 (18.7) 39 (81.3) 48 (100.0) Ref

Total 19 (27.1) 51 (72.9) 70 (100.0)

Cooking water

0.21-4.0 3 (40.0) 12 (60.0) 20 (100.0) 0.15 2.36 (0.77,7.22)

<0.20 11 (22.0) 39 (78.0) 50 (100.0) Ref

Total 19 (27.1) 51 (72.9) 70 (100.0)

RR: Relative Risk; Ref: Reference category.

When looked at independently to drinking or cooking water
consumption, there was no statistically significant association between
single nucleotide polymorphism type and the occurrence of dental
fluorosis (p>0.05), however the risk of dental fluorosis appeared to
increase with the presence of ‘AA’ when compared with ‘CC’ plus ‘AC’
as well as in ‘AC’ when compared with ‘AA’ plus ‘CC” (RR > 1) (Table
3).
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As expected, F concentration in drinking water was a statistically
significant predictor of dental fluorosis (p=0.03, OR=3.64 (Cl=1.11-
11.94)) (Table 4). No other explanatory variables were statistically
significant predictors of dental fluorosis. A binary regression model
made the correct prediction for 75.7% of the children having dental
fluorosis or not. The Nagelkerle R? value from the model was 0.20 i.e.
20% of the variability in the dependent variable was accounted for by
the independent variables.
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Table 3: Association between single nucleotide polymorphisms (SNPs)
and dental fluorosis among study participants (n=70).

Single Dental fluorosis P **RR (95% CI)
Nucleotide Present Absent

Polymorphisms|No. (% [No. (%

CC 4 211 |20 [39.2 |0.257 [0.51(0.19,1)
AA 3 16.8 |6 11.8 |0.696 |(1.27 (0.46, 3.51)
AC 12 633 |25 |49.0 |0.421 |1.48(0.66, 2.31)
Total 19 [100.0/51 |100.0

RR: Relative Risk; **Calculated by comparing SNP AA vs CC plus AC,
SNP CC vs AA plus AC and SNP AC vs CC plus AA in a 2x2 Table.

Table 4: Binary regression analysis model for dental fluorosis among 4
and 8-year-olds (n=70).
Predictors Dental fluorosis
(R?=0.20%; % Predicted = 75.7%)
B | Sig | OR® 95% CI
(p) | Exp | Lower |Upper
(B)
F Concentration Drinking Water| 1.29 [0.03°| 3.64 | 1.11 |11.94
(mg/l)
F Concentration Cooking Water| 0.43 | 0.49 | 1.53 | 0.46 | 5.08
(mg/l)
*Single nucleotide polymorphism
SNP AA 1.450.[ 0.05(0.24| 055 | 1.01
SNP AC 65 [0.48]052| 0.08 | 3.24
"SNP CC was the reference category; ®Nagelkerke R? Statistically
significant at p < 0.05; °Odds ratio.

Discussion

Dental fluorosis is a major public health problem in some areas in
Nigeria due to excessive ingestion of F from drinking water in which
excessive amounts of F occur naturally in some areas [27]. The
mechanism by which F, an environmental element, causes dental
fluorosis has been reported to be influenced by genetic factors [28, 29].
Despite the potential influence of genetics in the susceptibility of dental
fluorosis, research is limited in this area and only very few human studies
have looked at polymorphisms within specific genes. Single nucleotide
polymorphisms are the commonest form of sequence variation and
account for more than 90% of all variations present in the human genome
[13]. Several case-control studies have been undertaken to determine
whether polymorphism is associated with dental fluorosis susceptibility
or resistance and, if associated, then whether the homozygous or
heterozygous genotypes have played a role as a protective or risk factor
for dental fluorosis [13].

Some studies on SNPs as genetic markers for susceptibility of fluorosis
showed that genetic variants in some candidate genes like Collagen type
1 alpha 2 (COL1A2), Calcitonin receptor gene (CTR), Estrogen receptor
(ESR), Catechol-o-methyltransferase (COMT), Glutathione S-
transferase pi 1(GSTP1), Matrix metallopeptidase 2 (MMP-2), PRL
(Prolactin), Vitamin D receptor (VDR), Myeloperoxidase (MPO) and
PTH Bst Bl could increase or decrease the risk of fluorosis among the
exposed individuals in endemic areas [14, 15, 30-37]. This present study
proposed that a single nucleotide polymorphism in the COL1A2 gene
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may influence the occurrence of dental fluorosis among children
exposed to different concentrations of drinking and cooking waters in
Nigeria.

In the current study, the F concentration in drinking and cooking water
varied widely from <0.01 to 3.0 mg/l and <0.01 to 4.0 mg/| respectively.
This wide variability in fluoride concentration in the waters might be due
to water samples collected during different seasons since water collected
from shallow wells during the rainy season are usually lower in F than
those collected during the dry season [38]. In addition, some of this
variability would have been due to water samples collected from shallow
wells and aquifers, in agreement with a previous study, that also reported
a high variability in F concentration in water obtained from shallow
wells [39]. Dental fluorosis and skeletal fluorosis can occur from
prolonged intake of drinking waters containing F at a concentration
above 1.5 mg/l and 3.0 mg/I respectively [40]. However, dental fluorosis
can also occur in tropical communities exposed to apparently appropriate
F concentrations in drinking water [10, 11]. In this present study,
participants who drank water containing between 0.21 — 3.0 mg/l F had
increased risk of dental fluorosis compared with those who drank water
containing < 0.20 mg/l indicating a statistically significant association
between the F concentration in water and occurrence of dental fluorosis.

The sensitive methodology involving sequencing used in our study
allowed us to identify an actual SNP change within the COL1A2 region.
In a previous study of COL1A2 as a predictor for fluorosis risk, the SNP
rs414408 was identified as the risk allele (C>A missense mutation),
however the method for detection relied upon the ability of a restriction
enzyme Pvull to digest the PCR product. The different SNP identified in
our current study, would also disrupt this enzymic digestion reaction
(Figure 1) and we propose that our results are in agreement with this
previous study, that individuals with the Pvull restriction site at this
region in the COL1A2 gene have a higher relative risk of developing
dental fluorosis (i.e. AA allele, RR 1.27; AC allele RR 1.48). Further
studies of the Chinese cohort, with sequencing to identify the actual SNP
need to be carried out to confirm this theory [15].

Several studies have reported a relationship between F concentration in
drinking water and the occurrence of dental fluorosis. Similarly, in this
present study, fluoride in drinking water was the main predictor of dental
fluorosis [41, 42]. The risk of having dental fluorosis increased
significantly (P=0.04) with increasing F concentration in drinking water.
Although not statistically significant, the risk of having dental fluorosis
appeared to be higher in the presence of the AC and AA allele rather than
CC.

Huang and colleagues studied the interactions between COL1A2 gene
and dental fluorosis in high and low community water F areas, while this
current study looked at the interactions between the gene and F
concentration in drinking and cooking water consumed by study
participants [15]. Studying the interactions between SNPs and F
concentration in water alone cannot provide adequate information about
gene-environment interaction in the occurrence of dental fluorosis since
there are other influential environmental factors in aetiology. Therefore,
further studies on the relationship between SNPs and other
environmental factors such as diet and actual F exposure in the
occurrence of dental fluorosis are needed. In addition, there is also a need
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to undertake a larger study in this Nigeria population. COL1A2 SNPs
may be useful markers for the differential risk of dental fluorosis, which,
being a complex condition, is likely influenced by several genes. The
relationship between SNP and the severity of dental fluorosis was not
explored in this current study.

The limitation of this study is that the actual F exposure at the time or
age when individuals are more susceptible to the development of dental
fluorosis is unknown. In addition, the small sample size in this study may
prevent the findings from being extrapolated, therefore further studies
among larger study populations are strongly recommended.

Conclusion

F concentrations in the Nigerian drinking and cooking waters analysed
varied from <0.1 to 4.0 mg/L. The majority of the study participants had
the heterozygote genotype of COL1A2 gene. F concentration in drinking
water was the only statistically significant predictor of dental fluorosis.
The risk of dental fluorosis tended to increase with the presence of SNPs
AA and AC (RR > 1) but was not statistically significant in this small
study population.
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