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ABSTRACT

Objective: To investigate the association between single nucleotide polymorphisms in the COX2 gene
(rs689466 and rs5275) and local and systemic signs and symptoms of teething. Material and Methods:
Forty-four pairs of mothers-babies/toddlers were included. Erupted primary teeth were evaluated during
clinical examination. Local and systemic signs and symptoms of teething were obtained from mothers'
reporting via anamnesis. Samples of buccal cells were retrieved for DNA genotyping using real-time PCR.
The T-test, Chi-square test, logistic regression, and haplotype analyses were applied. Results: Almost all
mothers (95.5%) reported at least one local or systemic sign and symptom of teething. The most common was
increased salivation (79.5%), diarrhea (72.8%), and fever (70.5%). The mean number of signs and symptoms
per child was higher in boys than girls (mean = 5.1; SD= 1.5; p=0.008). Sleep disturbance (p=0.03) and loss
of appetite (p=0.05) were more reported in boys. The rs689466 and rs5275 were not associated with signs
and symptoms of teething (p>0.05). Conclusion: The single nucleotide polymorphisms in the COX2 gene
(rs689466 and rs5275) were not associated with local and systemic signs and symptoms of teething.
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Introduction

Tooth eruption, or teething, is the process of movement of primary or permanent teeth from the
intraosseous to their final position in the oral cavity [1,27]. This physiological mechanism is finely regulated in
the human body, and it involves the movement of the dental germ and follicle through the bone by a mechanism
of bone resorption and formation [37] until teeth emerge through the gum to their final position in the dental
arch [4,5]. The expression of many genes strongly regulates this physiological process, but the exact
mechanisms involved in primary tooth eruption are still not completely understood [4,6].

Most parents and health professionals report that the process of primary teeth eruption is a delicate
time for the baby [7,87. Primary tooth eruption can be associated with local and systemic signs and symptoms
such as increased salivation, diarrhea, fever, increased crying, sleep disturbance, loss of appetite, a runny nose
and cough, vomiting, and others [3,9,107]. Some researchers postulated that these signs and symptoms occur
coincidentally with the decrease in maternal antibodies in the baby and the consequently increased susceptibility
to infections by microorganisms, which are not exclusively related to teething [3,11,127]. Other studies reported
that releasing inflammatory mediators during teething could explain commonly reported signs and symptoms
[137.

Cyclooxygenase-2 (COX-2) is an enzyme within the arachidonic acid pathway responsible for producing
prostaglandins (PGs) and induced by acute inflammation. COX-2 is encoded by the Prostaglandin-Endoperoxide
Synthase 2 (PTGS2) gene, which can also be called the COX2 gene. COX-2 is related to pain sensitivity, local
inflammatory reactions, bone metabolism, and febrile response [5,14,157]. Two single nucleotide polymorphisms
(SNPs) in the COX2 gene (rs689466 and rs5275) have been associated with changes in the periradicular tissues
of teeth in different populations [16,17]. In view of the functionality of the periodontal ligament during the
process of tooth eruption and gingival emergence, it can be assumed that SNPs in COX2 may be involved in the
susceptibility of the baby to signs and symptoms of teething. The rs689466 polymorphism regulates the
transcription levels of COX-2 [187, while the rs5275 polymorphism may determine the stability of COX-2
mRNA and translation efficiency [197].

Therefore, these two SNPs emerge as candidates to test the association with signs and symptoms of
teething. So, the main goal of this study was to investigate if rs689466 and rs5275 in the COX2 gene are associated

with systemic and local signs and symptoms of teething in Brazilian babies.

Material and Methods
Ethical Clearance

Babies and toddlers were included in this study after the mothers returned the informed consent form.
Ethical approval (Ethical Committee N° 8.316.91807) was provided by the Ethical Committee of Positivo
University, Curitiba, Brazil, and was performed following the ethical principles for medical research involving

human subjects of the Declaration of Helsinki.

Pilot Study and Sample

This pilot cross-sectional nested case-control study included 44 biologically unrelated children (one
child per family) of both genders aged between 9 to 48 months. The sample was selected for convenience.
Children using any medication or diagnosed with systemic diseases or syndromes were omitted. They were

recruited at the Baby's Clinic at Positivo University.
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Data Collection

The mothers answered an anamnesis form designed to collect data on systemic and local signs and
symptoms that they perceived to be associated with teething. Signs and symptoms were recorded based on those
ascribed by parents in a similar previous study [207, including increased salivation, diarrhea, fever, increased
crying, sleep disturbance, loss of appetite, runny nose and cough, and vomiting.

Trained examiners using the knee-to-knee technique performed the oral examination. Children were
positioned across the dentist's and the guardian's laps, and the clinical examination and sampling of epithelial
buccal cells were performed with a sterile wooden spatula.

The collected material was placed into a tube with a glucose solution of 8%. After that, the material was
centrifuged at 3000 rpm for 10 minutes. The supernatant was discarded, and the pelleted cells were resuspended
in 1.300 mL extraction buffer [10 mM Tris-HCI (pH 7.8), 5 mM EDTA, 0.5% SDS7]. Ten pL proteinase K (20
mg / mL) were added to the solution and left overnight at 65°C. DNA was purified by adding 10 M ammonium
acetate, isopropanol-precipitated, and resuspended with 50 pl 10 mM Tris (pH 7.6) and 1 mM EDTA [217.
Spectrophotometry was performed to determine DNA concentration and purity using NanoDrop 1000 (Thermo
Scientific, Wilmington, DE, USA).

We used the websites www.ncbi.nlm.nih.gov and https://www.thermofisher.com to identify candidate
SNPs in the COX2 gene according to their possible function regulation and alleles frequency. A total of 2 SNPs
in the COX-2 gene: 13689466 (flanking sequence in the context GACAG[C/T]TGGA; global minor allele
frequency= 0.217) and rs5275 (flanking sequence in the context AAAAT[A/GJACCA; global minor allele
frequency = 0.4000) were selected. The polymorphisms rs689466 and rs5275 were selected based on their
frequency in the population, location, and previous demonstration of association with dental phenotypes [16,17]].
Genotyping assays were performed according to Ranade et al. [227]. Tagman™ method for real-time PCR was

used in the Mastercycler® ep realplex-S thermocycler (Eppendort AG, Hamburg, Germany).

Data Analysis

Gender, genotype, and allele differences were evaluated for each sign and symptom of teething,
categorized as 'Yes' (for the case group) or 'No' (for the control group), using Chi-square or Fisher's exact tests
and regarding the mean number of signs and symptoms reported per child using T-tests. The Hardy-Weinberg
equilibrium was determined using a Chi-square test within each SNP. A multivariate analysis was performed,
adjusted by gender. GraphPad Prism 5.0 (Graph-Pad, San Diego, CA, USA) was used for these tests. Haplotype
analysis was performed by Plink® software (Massachusetts General Hospital, Boston, MA, USA).

Results

A total of 44 babies and toddlers were included. The sample characteristics are presented in Table 1.
Twenty-four (56.6%) were boys, and 20 (45.4%) were girls. Almost all mothers reported at least one sign and
symptom of teething (95.5%). The most commonly reported were increased salivation (79.5%), followed by
diarrhea (72.3 %) and fever (70.5 %). The mean number of signs and symptoms per child was 4.2 (SD=2.1).
Thirty-three mothers (75 %) reported that primary incisor eruption caused more signs and symptoms of teething
than other primary teeth. Age and number of erupted teeth were not associated with signs and symptoms of

teething.

QMO ?

[



(<%
Pesqui. Bras. Odontopediatria Clin. Integr. 2023; 23:¢2 10244
q p g

Table 1. Characteristics of the studied population.

Variables N (%)

Gender

Male 24 (54.6)

Female 20 (45.4)
Age in Months (Mean and SD) 32.1 + 10.7
Number of Erupted Primary Teeth

Minimum-Maximum 1-20

Mean and SD 17.5 (5.0)
Signs and Symptoms of Teething

Increased salivation 35 (79.5)

Diarrhea 32 (72.3)

Fever 31(70.5)

Increased crying 27 (61.3)

Sleep disturbance/wakefulness 23 (52.8)

Loss of appetite 22 (50.0)

Runny nose and cough 10 (22.7)

Vomiting 4(9.1)

Note: None of the mothers reported convulsion.

Signs and symptoms of teething according to gender are presented in Figure 1. Sleep
disturbance/wakefulness was more commonly reported in boys than in girls (p=0.03). Loss of appetite was also
more common in boys (p=0.05). The mean number of signs and symptoms of teething according to gender was

significantly (p=0.008) higher in boys (mean = 5.1, SD= 1.5) than in girls (mean = 3.5, SD = 2.1).

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

00%

IS D F IC SD/W LA RN and C \

W Boys BGirls

IS: Increased Salivation; D: Diarrhea; F: Fever; IC: Increased Crying; SD/W: Sleep
Disturbance/Wakefulness; LA: Loss of Appetite; RN and C: Runny Nose and Cough; V: Vomiting.

Figure 1. Signs and symptoms of teething according to gender. Sleep disturbance/wakefulness was
more commonly reported in boys than in girls (p=0.03). Loss of appetite was also more common in
boys (p=0.05).

SNP analysis demonstrated that rs689466 and rs5275 were within the Hardy-Weinberg equilibrium
(HWgss0466 Chi-square = 1.13; HW,yg5075 Chi-square = 1.14). Table 2 shows the genotype (in co-dominant,
dominant, and recessive models) and allele distribution of the investigated SNPs.

Neither any genotype nor genotype distribution was associated with any signs and symptoms of

teething (Table 8 and Figure 2). Haplotype analysis revealed no statistically significant association (Table 4).
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Table 2. Distribution of the genetic polymorphisms rs689466 and rs5275 according to teething signs and symptoms.

Models
Signs/Symptoms Co-dominant Recessive Dominant Alleles
TT CT CC p-value TT +CT CC p-value TT CT + CC  p-value C T p-value
N@%)  N@%)  N(%) N(%)  N(%) N (%) N (%) N(%)  N(%)
15689466 No  4(57.1 3 (42.9 0(0.0 100.0 0(0.0 4(57.1 3 (42.9 $(21.4)  11(79.6
Increased salivation (57.1) (42.9) (00) 0.36 ( ) (00) 0.44 (57.1) ( ) 0.41 (21.4) (79:6) 0.72
Yes 19(78.1)  5(19.2) 2 (7.7) 24(92.8) 2 (7.7) 19 (73.1) 7(26.9) 9(17.8)  43(82.7)
No 6 (66.7 3(33.3 0 (0.0 100.0 0 (0.0 6 (66.7 3(33.3 3 (16. 15 (83.3
Diarrhea (66.7) (83.5) (00) 0.55 ( ) (00) 0.37 (66.7) (83.5) 0.81 (16.7) > (85.9) 0.84
Yes 17(70.8)  5(20.8) 2 (8.3) 22 (91.6) 2 (8.3) 17 (70.8) 7(29.1) 9(18.7)  39(81.8)
No 6 (60.0 4 (40.0 0 (0.0 10 (100.0 0 (0.0 6 (60.0 4 (40.0 4(20.0 16 (80.0
Fever (60.0) (10.0) (00) 0.28 ( ) (00) 0.33 (60.0) (10.0) 0.42 (200) (80.0) 0.80
Yes 17(63.9) 4 (17.4) 2 (8.7) 21 (91.8) 2 (8.7) 17 (73.9) 6(26.1) 8(17.4)  38(82.6)
No 8(61.5 5(38.5 0 (0.0 13 (100.0 0 (0.0 8(61.5 5(38.5 19.2 21 (80.8
Increased crying (61.5) b (38.5) (00) 0.19 ( ) (00) 0.23 (61.5) 7 (38.9) 0.41 5(19:2) ( ) 0.85
Yes 15(75.0)  3(15.0) 2 (10.0) 18 (90) 2 (10.0) 15 (75.0) 5(25.0) 7(17.56) 33 (81.5)
No 9 (64.3 5(85.7 0 (0.0 14 (100.0 0 (0.0 9 (64.3 5(35.7 5(17.9 23 (82.1
Sleep disturbance (64.5) b (35.7) (00) 0.23 ( ) (00) 0.21 (64.5) b (35.7) 0.56 5(17.9) (82.1) 0.95
Yes 14(78.7) 3 (15.8) 2 (10.5) 17 (89.5) 2 (10.5) 14 (738.7) 5 (26.3) 7(18.4)  31(82.6)
No 10(58.8 6(35.3 1(5.9 94.1 1(5.9 10 (58.8 7(41.2 23.5 26 (76.5
Loss of appetite (58.5) (85.5) (5:9) 0.30 16 (9%.1) (5:9) 0.96 (58.5) (+1.2) 0.16 8 (25.9) (76.5) 0.06
Yes 13(81.2)  2(12.5) 1(6.3) 15 (93.8) 1(6.2) 13 (81.2) 3 (18.8) 2 (6.7) 28 (98.8)
No  17(738.9 7(26.9 2 (7.7 3 2 (7.7 17 (65.4 9 (34.6 11 (21.1 41(78.9
Runny nose and cough 7 (78.9) (26.9) (7.7) 0.54 24 (92.5) (7.7) 0.44 7 (65.4) (94.6) 0.29 ( ) (78.9) 0.23
Yes  6(85.7) 1(14.8) 0 (0.0) 7 (100.0) 0 (0.0) 6 (85.7) 1(14.8) 1(7.1) 18 (92.9)
No 6 (18.2 10 (30.3 17(51.5 48.5 17 (51.5 6 (18.2 27 (81.8 44(66.7)  22(33.3
Vomiting (18.2) (30:5) 7 (51.5) 0.13 16 (45.5) (51.5) 0.54 (18.2) 7 (518) 0.06 (66.7) (93:9) 0.10
Yes  2(66.7) 0 (0.0) 1(33.8) 2 (66.7) 1(88.8) 2 (66.7) 1(33.9) 2 (38.3) 4 (66.7)
Models
Signs/Symptoms Co-dominant Recessive Dominant Alleles
AA AG GG p-value AA +AG GG p-value AA AG + GG p-value A G p-value
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
rs5275 No  5(556 11.1 3(33.3 6 (66.7 3 (83.8 5(55.6 4 (444 11(61.1)  7(38.9
Increased salivation b (55.6) 11D (93.5) 0.14 (66:7) (93.5) 0.12 b (55.6) ( ) 0.70 ( ) 7 (38.9) 0.56
Yes 13(48.2) 11(40.7) 8 (11.1) 24(88.9) 3(11.1) 13 (48.2) 14 (51.8) 87 (68.5) 17(31.5)
No 4 (40.0 40.0 2 (20.0 8 (80.0 2 (20.0 4 (40.0 6 (60.0 12 (60.0 8 (40.0
Diarrhea (10.0) +(10.0) (200) 0.75 (80.0) (200) 0.73 (10.0) (60.0) 0.45 (60.0) (10.0) 0.45
Yes 14(53.8)  8(30.8) 4 (15.4) 22 (84.6) 4 (15.4) 14 (53.8) 12 (46.2) 36 (69.2) 16 (30.8)
5 (45.5 5 (45.5 54 5 5 (6] 9 = (g
Fever No 5 (45.5) 5 (45.5) 1(9.0) 051 10 (90.9) 1(9.1) 0.98 5 (45.5) 6 (54.5) 0.29 15 (68.2) 7(81.8) B
Yes 13(52.0) 2(28.0) 5 (20.0) 15 (75.0) 5(25.0) 18 (65.0) 7(85.0) 28 (70.0) 12 (30.0)
No 9 (64.9 4(28.6 1(7.1 18 (92.9 1(7.1 9 (60.0 6 (40.0 22 (78.6 6 (21.4
Increased crying (64.5) (28.6) (7.1) 0.81 (02.9) (7.1) 0.22 (60.0) ( ) 0.25 (78.6) (214) 0.08
Yes  9(40.9) 8 (36.4) 5 (22.7) 17 (77.8) 5 (22.7) 9 (40.9) 3 (59.1) 26 (59.1) 18 (40.9)
No 9 (50.0 8 (4.4 1(5.6 17 (944 1(5.6 9 (50.0 9 (50.0 26 (72.2 10 (27.8
Sleep disturbance (50.0) (14.4) (5:6) 0.13 (0.4) (5:6) 0.07 (50.0) (50.0) 0.99 (72.2) (27.8) 0.31
Yes  9(50.0) 4(338.8) 5 (27.8) 18 (72.2) (27.8) 9 (50.0) 9 (50.0) 22 (61.1) 14 (38.9)
No 9 (50.0 8 (4.4 1(5.6 17 (944 1(5.6 9 (50.0 9 (50.0 26 (72.2 10 (27.8
Loss of appetite (50.0) (14.4) (5:6) 0.28 (04.4) (5:6) 0.14 (50.0) (50.0) 0.99 (72.2) (27.6) 0.44
Yes  9(50.0) 5(217.8) 4(22.2) 14 (77.8) 4(22.2) 9 (50.0) 9 (50.0) 23 (63.9) 13 (36.1)
No 15(51.7 9 (0.0 5(17.8 24(82.8 17.2 15 (51.7 14 (48.3 39 (67.2 19
Runny nose and cough (61.7) (30.0) b (17.9) 0.83 (82.8) 5(17.2) 0.85 7 (51.7) ( ) 0.67 ( ) (52:8) 0.83
Yes 3 (42.9) 3 (42.9) 1(14.2) 6 (85.7) 1(14.8) 3 (42.9) 4(57.1) 9 (64.3) 5(85.7)
No 17(51.5 10 (30.3 6 (18.2 27 (81.8 6 (18.2 17(51.5 16 (48.5 44(66.7)  22(33.3
Vomiting 7 (51.9) (30:5) (18.2) 0.40 (81.5) (18.2) 0.41 7 (51.9) (18.9) 0.54 (66.7) (33.5) 0.98
Yes 1(33.8) 2 (66.7) 0 (0.0) 3 (100.0) 0(0.0) 1(33.8) 2 (66.7) 4 (66.7) 2 (38.8)
5
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Table 3. Multivariate analysis using signs and symptoms as co-variant.

Reference Unadjusted Adjusted
Phenotype SNP Genotype . o . o
Genotype Coefficient OR (CI 95%) p-value Coefficient OR (CI 95%) p-value
CcT -1.14 0.81 (0.05—1.90) 0.20 -0.91 0.89 (0.05-3.01) 0.87
rs689466 TT
o cc 8.71 6111.73 (#) 0.88 7.96 2874.82 (#) 0.86
Increased Salivation
AG 1.70 5.50 (0.60—50.44) 0.18 2.02 7.58 (0.62—93.31) 0.11
rs5275 AA )
GG -1.38 0.25 (0.04—1.56) 0.18 -16.44 0.0 (#) 0.67
CcT -0.64 0.52 (0.10-2.88) 0.45 -0.21 0.80 (0.08-8.01) 0.85
rs689466 TT ) o )
Diarrl CC 8.80 6667.35 (#) 0.87 8.86 7093.88 (#) 0.83
iarrhea
AG -0.40 0.66 (0.15-3.08) 0.59 -0.21 0.80 (0.09-7.18) 0.84
rs5275 AA
GG -0.51 0.72 (0.11—4.77) 0.78 -1.54 0.21 (0.01-3.47) 0.27
CcT -1.15 0.81 (0.06-1.66) 0.17 -0.17 0.83 (0.04—16.23) 0.90
rs689466 TT
. cc 8.85 6984.84 (#) 0.86 7.45 1731.99 (#) 0.83
ever
AG -0.76 0.46 (0.11-2.04) 0.1 -0.96 0.38 (0.02—6.85) 0.50
rs5275 AA
GG 0.91 2.50 (0.26—-24.38) 0.43 -28.62 0.00 (#) 0.69
CcT -1.26 0.28 (0.05—1.48) 0.18 -1.61 0.19 (0.01-3.51) 0.27
rs689466 TT ) )
. CC 9.00 8148.98 (#) 0.84 7.97 2895.46 (#) 0.80
Increased Crying
AG 0.85 1.42 (0.84—6.08) 0.62 1.51 4.53 (0.38-62.48) 0.25
rs5275 AA
GG 1.84 3.82 (0.40—36.83) 0.24 16.09 731748.17 (#) 0.68
CcT -1.08 0.83 (0.06-1.75) 0.19 1.57 4.83 (0.16-143.16) 0.86
rs689466 TT ]
: cc 9.06 8628.33 (#) 0.83 7.82 2500.83 (#) 0.79
Sleep Disturbance
AG -1.02 0.85 (0.08—1.52) 0.16 -1.93 0.14 (0.01-2.55) 0.18
rs5275 AA
GG 1.87 6.53 (0.68—62.99) 0.10 24.26 728527.31 (#) 0.68
CcT -1.88 0.26 (0.04—1.56) 0.14 -2.40 0.09 (0-1.99) 0.12
rs689466 TT
. . cc 0.06 1.06 (0.06-18.62) 0.96 -0.69 0.50 (0.01-19.55) 0.71
Loss of Appetite i
AG -1.02 0.85 (0.08—1.52) 0.16 -0.81 0.44 (0.05-3.78) 0.45
rs5275 AA ) )
GG 1.87 6.53 (0.68—-62.99) 0.10 1.43 4.21 (0.08-222.40) 047
CcT -0.79 0.45 (0.05—4.46) 0.49 1.20 .32 (0.13-85.88) 0.46
rs689466 TT
cc -8.71 0.0002 (#) 0.88 -9.41 0.0001 (#) 0.86
Runny Nose and Cough
AG 0.51 1.66 (0.31-9.04) 0.55 0.70 2.01 (0.17-24.14) 0.58
rs5275 AA )
GG -0.22 0.80 (0.08—8.19) 0.85 -7.76 0.0004 (#) 0.77
CT -10.19 0.00 (# 0.91 -11.2% 0.00 (# 0.89
rs689466 TT ( ) ( )
. CC -8.85 0.002 (#) 0.92 -9.07 0.0001 (#) 0.91
Vomiting -
AG 1.52 4.60 (0.37-56.75) 0.23 1.99 7.34 (0.36—148.80) 0.19
rs5275 AA
GG -9.69 0.0001 (#) 0.91 -8.94 0.0001 (#) 0.91

Each sign and symptom was adjusted by gender; The # symbol means it was impossible to describe the present data.
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Figure 2. The mean number of signs and symptoms of teething according to the children's genotypes.

Table 4. Haplotype analysis among the groups in the haplotype order rs689466 —rs5275.

Phenotype Haplotype Fa’' Fu? p-value
Increased Salivation C-A 0.20 0.21 0.93
T-G 0.25 0.42 0.20
T-A 0.54 0.35 0.21
Diarrhea C-A 0.21 0.18 0.82
T-G 0.28 0.31 0.84
T-A 0.50 0.50 1.00
Fever C-A 0.20 0.22 0.84:
T-G 0.30 0.27 0.86
T-A 0.50 0.50 1.00
Increased Crying C-A 0.20 0.20 0.98
T-G 0.85 0.20 0.28
T-A 0.44 0.58 0.28
Sleep Disturbance C-A 0.23 0.17 0.60
T-G 0.3 0.25 0.48
T-A 0.48 0.57 0.29
Loss of Appetite C-A 0.14 0.26 0.24
T-G 0.32 0.26 0.64
T-A 0.53 0.46 0.59
Runny Nose and Cough C-A 0.08 0.23 0.23
T-G 0.41 0.26 0.29
T-A 0.50 0.50 1.00
Vomiting C-A 0.00 0.22 0.28
T-G 0.5 0.27 0.34
T-A 0.50 0.50 1.00
Discussion

Local and systemic signs and symptoms of primary tooth eruption are a subject that draws the attention
of clinicians and researchers in different areas. Thus, this is probably the first study investigating the association
between candidate SNPs in COX2 with signs and symptoms of teething.

COX-2 is an enzyme expressed in low levels in most tissues [ 14 and is the main cyclooxygenase, which
plays a vital role in inflammation [2387. Its decoder gene, COX2, is under the control of the NF-kB/Rel
transcription factor family, a protein complex wherein pro-inflammatory signaling of different types of cells
regulates COX-2 expression, such as interleukin 3, tumor necrosis factor-alpha, epidermal growth factor and
others [247. Thus, COX-2 is released by fibroblasts, macrophages, and vascular endothelial cells in local
inflammation [257. Clinical and n vitro studies also demonstrated that COX-2 is expressed by periodontal
ligament cells [17,267], which are involved in orthodontic tooth movement via alveolar bone remodeling [277].
For this reason, in our study, we focused on the evaluation of SNPs rs689466 and rs5275 in COX-2 to evaluate

if the individual genetic background is involved in the susceptibility of signs and symptoms of teething.
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Although we did not find an association between the rs689466 and rs5275 and the studied teething
signs and symptoms, it is essential to highlight that COX-2 is a crucial mediator of local inflammatory response
and is involved in fever and pain [287]. COX-2 was also found in large amounts within the dental follicle
[5,18,297. Thus, it was plausible to assume that local and systemic signs and symptoms of teething could be due
to the release of COX-2, and other SNPs in COX-2 may still be involved in these signs and symptoms, which
merits further investigation.

In this study, an increase in salivation was the most common sign reported by mothers. This sign could
be due to gum irritation caused by these pro-inflammatory agents, as the child inserts objects more frequently
into the oral cavity, which stimulates greater saliva production and, consequently, increases the frequency of
coughing, a sign also observed by some parents [10,307].

Fever is also often reported. Two systematic reviews with meta-analyses demonstrated that fever is the
most evident symptom of teething [4,67]. COX-2 regulates PGE, synthase in acute inflammation. PGE, is
transported by the bloodstream to the ventromedial preoptic area of the anterior hypothalamus, starting the
feverish state [5,317]. This whole set of factors prompts episodes of irritation, anxiety, loss of appetite, and sleep
disturbances [77.

Gastrointestinal disorders, such as diarrhea and vomiting, were also reported by parents during
teething. These symptoms, however, could be related to the contamination of the baby's hands and objects [827.
Previous studies related these disorders with the release of certain interleukins 9,137, but the mechanism still
needs to be fully understood.

In our study, we observed that signs and symptoms were more commonly reported in boys than in girls.
Some studies also showed a gender preference in signs and symptoms during teething [10,207. This gender
preference is noteworthy. Sexual dimorphism is a product of both genetics and environmental factors. It is thus
plausible to assume that other genes play a role in the manifestation of signs and symptoms of teething.

Investigating SNPs involved in the signs and symptoms of teething is essential to improve the
understanding of the molecular processes involved in teething, and it may hold the possibility to use these as
biomarkers for the diagnosis and identification of risk groups. Therefore, we investigated two SNPs, rs689466
and rs5275, which alter the transcriptional efficiency and possibly modify the inflammatory response [337. These
SNPs, however, were not associated with signs and symptoms of teething. The lack of association could be due
to some limitations of our study. The demand for dental care in early childhood is still limited. The prevalence
of dental babies treated at the Baby's Clinic at Positivo University stands out. This justifies the impossibility of
collecting oral samples before tooth eruption. The sample size, potential confounding factors, and the fact that
the phenotypes were self-reported are also evidence of the limitations of this study. Some mothers may have
reported the signs and symptoms inaccurately. Therefore, although our study raised an interesting issue, future

studies should be performed with a prospective design including other candidate SNPs and genes.

Conclusion
The single nucleotide polymorphisms in the COX2 gene (rs689466 and rs5275) were not associated with

local and systemic signs and symptoms of teething.

Authors’ Contributions

AGM (o https://orcid.org/0000-0003-0758-4929  Methodology and Investigation.
CLBR (2 https://orcid.org/0000-0003-0606-1632  Data Curation.
VBT (@ https://orcid.org/0000-0001-5526-2540  Methodology and Investigation.

QMO ®

[



=
Pesqui. Bras. Odontopediatria Clin. Integr. 2023; 23:210244

IRM (@ https://orcid.org/0000-0002-4486-1318  Methodology and Investigation.

CK (@ https://orcid.org/0000-0001-9473-8724  Methodology, Resources, Writing - Original Draft and Writing - Review and Editing.

PP @ https://orcid.org/0000-0003-1137-5361  Methodology and Investigation.

AOP @ https://orcid.org/0009-0002-7399-0028  Methodology and Investigation.

FBF (@ https://orcid.org/0000-0002-5649-7234  Conceptualization, Data Curation, Writing - Original Draft and Writing - Review and Editing.
DSBO (& https://orcid.org/0000-0001-8634-8654  Data Curation.

ECK {2 https://orcid.org/0000-0001-5351-2526  Conceptualization, Investigation, Writing - Original Draft and Writing - Review and Editing.
JAB {» https://orcid.org/0000-0002-8914-702X  Conceptualization, Investigation, Writing - Original Draft and Writing - Review and Editing.

All authors declare that they contributed to a critical review of intellectual content and approval of the final version to be published.

Financial Support

None.

Conflict of Interest

The authors declare no contlicts of interest.

Data Availability

The data used to support the findings of this study can be made available upon request to the corresponding author.

Acknowledgments

‘We thank everyone involved in this work.

References

[17 Wise GE. Cellular and molecular basis of tooth eruption. Orthod Craniofac Res 2009; 12(2):67-73.
https://doi.org/10.1111/].1601-634:3.2009.01439.x

[27] Harris C. Dealing with teething in children. Dental Nursing 2018; 9(8):132-6.
https://doi.org/10.12968/denn.2013.9.3.132

[37] Tsang AK. Teething, teething pain, and teething remedies. International Dentistry SA 2010; 12(5):48-61.

[47] Massignan C, Cardoso M, Porporatti AL, Aydinoz S, Canto GDL, Mezzomo LAM, et al. Signs and symptoms of
primary tooth eruption: a meta-analysis. Pediatrics 2016; 137(3):e20153501. https://doi.org/10.1542/peds.2015-3501

[57] Lam CU, Hsu CYS, Yee R, Koh D, Lee YS, Chong MFF, et al. Early-life factors affect risk of pain and fever in infants
during teething periods. Clin Oral Investig 2016; 20(8):1861-70. https://doi.org/10.1007/s00784-015-1658-2

[67] Nemezio MA, de Oliveira KM, Romualdo PC, de Queiroz AM, Paula-Silva FWG, Silva RA, et al. Association between
fever and primary tooth eruption: a systematic review and meta-analysis. Int J Clin Pediatr Dent 2017; 10(3):293-8.
https://doi.org/10.5005/jp-journals-10005-14:53

[77 Kiran K, Swati T, Kamala BK, Jaiswal D. Prevalence of systemic and local disturbances in infants during primary teeth
eruption: a clinical study. Eur J Paediatr Dent 2011; 12(4):249-52.

[87] Getaneh A, Derseh F, Abreha M, Yirtaw T. Misconceptions and traditional practices towards infant teething symptoms
among mothers in Southwest Ethiopia. BMC Oral Health 2018; 18(1):159. https://doi.org/10.1186/512903-018-0619-
y

[97 Ramos-Jorge J, Pordeus IA, Ramos-Jorge ML, Paiva SM. Prospective longitudinal study of signs and symptoms
associated with primary tooth eruption. Pediatrics 2011; 128(3):471-6. https://doi.org/10.1542/peds.2010-2697

[107] Noor-Mohammed R, Basha S. Teething disturbances; prevalence of objective manifestations in children under age 4
months to 36 months. Med Oral Patol Oral Cir Bucal 2012; 17(8):e491-e494. https://doi.org/10.4317/medoral.17487

[117] Kumar S, Tadakamadla J, Idris A, Busaily IAA, Allbrahim AYI. Knowledge of teething and prevalence of teething
myths in mothers of Saudi Arabia. J Clin Pediatr Dent 2016; 40(1):44-8. https://doi.org/10.17796/1053-4628-40.1.44:

(127 Bankole OO, Lawal FB. Teething: Misconceptions and unhealthy practices among residents of a rural community in
Nigeria. International Quarterly of Community Health Education 2017, 37:99-106.
https://doi.org/10.1177/0272684X 17701262

[1387 Franzolin SDOB, Pardini MIMC, Francischone LA, Deffune E, Consolaro A. Explanation for the signs and symptoms
of tooth eruption: mast cells. Dental Press J Orthod 2019; 24(2):20-31. https://doi.org/10.1590/2177-6709.24.2.020-
031.0in

[147] Turini ME, DuBois RN. Cyclooxygenase-2: a therapeutic target. Ann Rev Med 2002; 53:35-57.
https://doi.org/10.1146/annurev.med.53.082901.103952

[157] Rumzhum NN, Ammit AJ. Cyclooxygenase 2: its regulation, role and impact in airway inflammation. Clin Exp Allerg
2016; 46(3):397-410. https://doi.org/10.1111/cea.12697




(<%
Pesqui. Bras. Odontopediatria Clin. Integr. 2023; 23:¢2 10244
q p g

[167] Dahash SA, Mahmood MS. Association of a genetic variant (rs689466) of Cyclooxygenase-2 gene with chronic
periodontitis in a  sample of Iraqi  population. J Bagh Coll Dent 2019;  31(4):40-5.
https://doi.org/10.26477/jbcd.v81i4.2719

[17] Kiichler EC, Schréder A, Corso P, Scariot R, Spanier G, Proft P, et al. Genetic polymorphisms influence gene expression
of human periodontal ligament fibroblasts in the early phases of orthodontic tooth movement. Odontology 2020;
108(8):493-502. https://doi.org/10.1007/810266-019-00475-x

[187 Zhang X, Miao X, Tan W, Ning B, Liu Z, Hong Y, et al. Identification of functional genetic variants in cyclooxygenase-
2 and their association with risk of esophageal cancer. Gastroenterology 2005; 129(2):565—76.
https://doi.org/10.1016/j.gastro.2005.05.003

[197 Gou Q, Liu CH, Ben-Av P, Hla T. Dissociation of basal turnover and cytokine-induced transcript stabilization of the
human cyclooxygenase-2 mRNA by mutagenesis of the 8'-untranslated region. Biochem Biophys Res Commun 1998;
24:2(8):508-12. https://doi.org/10.1006/bbrc.1997.7994

[207 Elbur Al, Yousif MA, Albarraq AA, Abdallah MA. Parental knowledge and practices on infant teething, Taif, Saudi
Arabia. BMC Res Notes 2015; 8:699. https://doi.org/10.1186/513104-015-1690-y

[217 Aidar M, Line SRP. A simple and cost-effective protocol for DNA isolation from buccal epithelial cells. Braz Dent J
2007; 18(2):148-52. https://doi.org/10.1590/50103-64402007000200012

[227 Ranade K, Chang MS, Ting CT, Pei D, Hsiao CF, Olivier M, et al. High-throughput genotyping with single nucleotide
polymorphisms. Genome Res 2001; 11(7):1262-8. https://doi.org/10.1101/gr.157801

[287] Hanna VS, Hafez EAA. Synopsis of arachidonic acid metabolism: a review. J Adv Res 2018; 11:23-32.
https://doi.org/10.1016/j.jare.2018.03.005

[247 Xu X, Chen X, Li Y, Cao H, Shi C, Guan S, et al. Cyclooxygenase-2 regulated by the nuclear factor-kB pathway plays
an important role in endometrial breakdown in a female mouse menstrual-like model. Endocrinology 2013;
154(8):2900-11. https://doi.org/10.1210/en.2012-1993

[257 Ricciotti E, FitzGerald GA. Prostaglandins and inflammation. Arterioscler Thromb Vasc Biol 2012; 31(5):986-1000.
https://doi.org/10.1161/ATVBAHA.110.207449

[267] Mayahara K, Kobayashi Y, Takimoto K, Suzuki N, Mitsui N, Shimizu N. Aging stimulates cyclooxygenase-2 expression
and prostaglandin E2 production in human periodontal ligament cells after the application of compressive force. J
Periodontal Res 2007; 42(1):8-14. https://doi.org/10.1111/].1600-0765.2006.00885.x

[27] Vansant L, Cadenas De Llano-Pérula M, Verdonck A, Willems G. Expression of biological mediators during
orthodontic tooth movement: a systematic review. Arch Oral Biol 2018; 95:170-86.
https://doi.org/10.1016/j.archoralbio.2018.08.003

[287 Blackwell KA, Raisz LG, Pilbeam CC. Prostaglandins in bone: bad cop, good cop?. Trends Endocrinol Metab 2010;
21(5):294-301. https://doi.org/10.1016/].tem.2009.12.004

[297] Olczak-Kowalczyk D, Turska-Szybka A, Gozdowski D, Boguszewska-Gutenbaum H, Krasuska-Stawifiska E, Sobiech
P, et al. Longitudinal study of symptoms associated with teething: Prevalence and mothers’ practices. Pediatria Polska
2016; 91(6):533-40. https://doi.org/10.1016/].pepo.2016.09.010

[307] Rekik Y, Ben Daya M, Jemmali B. Parent beliefs about infant teething and mothers’ practices: A survey of Tunisian
parents. Int J Dentistry Oral Sci 2017; 4(5):476-80. https://doi.org/10.19070/2377-8075-1700093

[317] Blatteis CM. The onset of fever: new insights into its mechanism. Prog Brain Res 2007; 162:3-14.
https://doi.org/10.1016/S0079-6123(06)62001-3

[327] Memarpour M, Soltanimehr E, Eskandarian T. Signs and symptoms associated with primary tooth eruption: a clinical
trial of nonpharmacological remedies. BMC Oral Health 2015; 15:88. https://doi.org/10.1186/512903-015-0070-2

[387 Dai ZJ, Shao YP, Ma XB, Xu D, Tang W, Kang HF, et al. Association of the three common SNPs of cyclooxygenase-
2 gene (rs20417, rs689466, and rs5275) with the susceptibility of breast cancer: an updated meta-analysis involving
34,590 subjects. Dis Markers 20145 2014:484729. https://doi.org/10.1155/2014/484729.

10




