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Abstract

Background: Polymorphisms at positions 49, 262, and 296 in the TAS2R38 bitter taste receptor gene result in two
common genetic haplotypes, PAV and AVI, named for the resulting amino acid substitutions. TAS2R38 genotype has
been previously associated with caries risk in children. This study aimed to identify TAS2R38 polymorphisms among
Thais and to explore any association between genotype and oral diseases.

Methods: Patients seeking care at Khon Kaen University Dental Hospital in Thailand were recruited to participate
in the study. Saliva was collected for DNA extraction and genotyping. Patients completed a questionnaire to col-
lect demographic variables and assess oral self-care behaviors. A calibrated dentist conducted an examination that
included periodontal charting and recording of decayed, missing, and filled teeth (DMFT).

Results: A total of 250 patients (19-75 years) were enrolled in the study (116 males). Two haplotypes, PAV (67.2%)
and AVI (32.8%) were found, resulting in 3 diplotypes; PAV/PAV (46.0%), PAV/AVI (42.4%) and AVI/AVI (11.6%). DMFT and
periodontal status of 238 participants were recorded. The three diplotype groups were similar in age, sex, socio-eco-
nomic indicators, oral self-care, and number of teeth. The odds of having periodontal disease, defined as at least one
site with probing depth > 5 mm, were lower in AVI/AVI and PAV/AVI compared with PAV/PAV. PAV/AVI tended to have
less DMFT, while AVI/AVI tended to have more DMFT compared with PAV/PAV, however these trends did not reach
statistical significance.

Conclusions: The frequency distribution of TAS2R38 genotypes was similar to that reported for other Asian popula-
tions. AVI/AVI genotype was associated with decreased prevalence of periodontal disease among Thai dental patients,
whereas there was no significant association between TAS2R38 genotype and prevalence of tooth decay in this
patient population.
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Background

The human T2R38 bitter taste receptor gene, TAS2R38,
has variation in its nucleotide sequence that alters its
function. Single nucleotide polymorphisms (SNPs) are
found at the amino acid positions A49P, V262A, and
1296V, resulting in two common genetic haplotypes, AVI
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and PAV, named for the amino acid substitutions that
result from SNPs at those positions. Individuals who
carry PAV/PAV and PAV/AVI genotypes are sensitive to
the bitterness of phenylthiocarbamide (PTC) and pro-
pylthiouracil (PROP), whereas AVI/AVI individuals have
greatly reduced ability to detect the bitterness of PTC/
PROP [1, 2]. Two previous studies of PTC taste sensitiv-
ity of Thai participants, one in Bangkok [3] and the other
in Chiang Mai [4], have observed a low prevalence of
non-tasters, ranging from 4.6 to 9.7%. This is consistent
with observations that Asian populations generally have
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a lower proportion of PTC/PROP non-tasters compared
with European populations.

A number of genes have been implicated in caries sus-
ceptibility, including genes involved in enamel formation,
salivary buffering capacity, immune response, and taste
perception [5-8]. With regards to the taste system, a
recent systematic review of the use of PROP taste testing
as a caries risk assessment method in children concluded
that non-tasters of PROP do have more decayed, missing
and filled teeth [9]. However, the quality of evidence in
support of the association between PROP taste sensitivity
and caries experience was overall reported to be very low.
Another recent meta-analysis did conclude that A49P
(rs713598) is likely involved in susceptibility to dental
caries [10]. Suggested pathways through which this gene
might impact caries have included dietary preferences,
salivary factors, tooth eruption timing, and even thyroid
function [11-14].

More recently, the T2R38 protein, which mediates
the perceived bitterness of PTC/PROP in the taste sys-
tem, has been widely observed in non-gustatory tissues.
T2R38 receptors in epithelial cells of the gastrointesti-
nal tract have enteroendocrine effects related to control
of metabolic functions that impact diabetes and obesity
[15, 16]. T2R38 receptors in airway epithelial cells are
involved in autocrine and paracrine functions regulat-
ing innate immune response against bacterial infection
[17]. T2R38 protein is also expressed in epithelial lining
cells of the airway and innate immune cells like neutro-
phils [18] and macrophages [19] that can be activated by
gram-negative bacterial compounds. Additionally, T2R38
is expressed by gingival epithelial cells and impacts the
innate host defense response of those cells in the pres-
ence of oral bacteria [20]. T2R38 receptors are thus
important in modulating innate immune function, such
as the host defense against bacterial biofilm formation
that may lead to chronic infection and inflammation-
related diseases.

Recent in vitro work has suggested that TAS2R38 gen-
otype is important in mediating the response of gingival
epithelial cells to bacteria involved in both caries and
periodontal disease [20]. Gingival epithelial cells with
the PAV/PAV genotype differentially upregulated T2R38
in response to the cariogenic pathogen Streptococcus
mutans, whereas cells with the AVI/AVI genotype differ-
entially upregulated T2R38 in the presence of the peri-
odontal pathogen Porphyromonas gingivalis. It was also
reported that gingival epithelial cells with AVI/AVI geno-
type increased release of human beta defensin 2 (hbD-2)
in response to Fusobacterium nucleatum, another bac-
teria associated with periodontal disease. The hbD-2
response in the presence of E nucleatum was reversed
by silencing TAS2R38 gene expression [20]. Taken

Page 2 of 9

together, these findings suggest that the PAV form of the
T2R38 receptor is more responsive to cariogenic bacte-
ria, whereas the AVI form of the T2R38 receptor is more
responsive to bacteria involved in periodontal disease.

The current study aims to examine TAS2R38 genotype
frequency distribution among adult dental patients and
to explore the relationships between TAS2R38 genotype
and the presence of oral diseases (dental caries and peri-
odontal disease) in the Thai population. We hypothesized
that patients who have the PAV/PAV genotype would
have lower dental caries prevalence, whereas those who
have the AVI/AVI genotype would have lower periodon-
tal disease prevalence.

Methods

Study population

This cross-sectional study was conducted among patients
seeking dental care at Khon Kaen University (KKU) Den-
tal Hospital in Khon Kaen, Thailand, from June 2017 to
May 2019. Inclusion criteria were patients aged 18 years
and older. Exclusion criteria were current smoker, xeros-
tomia, diabetes mellitus, immunocompromised condi-
tion, autoimmune diseases, antibiotics use in the past
three months, anti-inflammatory drugs use in the past
six months, and significant cognitive or communication
problems that may affect the ability to answer the ques-
tions. Participants had no symptoms of cold, flu, sinusi-
tis, pharyngitis, salivary gland infections or other related
condition during the data collection visits. The preva-
lence of PAV/PAV genotype was reported to be about
17% among all race/ethnicity groups and ranges between
16-22% in study subgroups [21]. We thus made a recruit-
ment target of 250 participants to be able to detect the
prevalence of 20% or lower.

This research was conducted in accordance with the
Declaration of Helsinki. The study obtained ethical
approval from the Institutional Review Board of the Uni-
versity of Washington, Seattle, USA (STUDY00002762),
and KKU Ethics Committee in Human Research
(HE592279). All participants provided written, informed
consent for participation in the study.

Data collection

Enrollment, written consent process, interview, and
saliva sample collection were done at KKU Dental Hos-
pital. Information recorded from an interview included
demographic data and personal oral self-care informa-
tion (Fig. 1).

One calibrated dentist performed clinical examinations
on all teeth, excluding third molars, in a clinical setting.
The dentist was blinded to patient genotype at the time of
the examination. Dental caries was determined according
to the World Health Organization criteria and decayed,



Khimsuksri et al. BMC Oral Health (2022) 22:21

Page 3 of 9

Patients coming to KKU Dental Hospital are approached by dental assistants

distributing flyers and
introducing the project

Enrollment and

consent process

total number = 296
eligible =250, ineligible = 46

Data collection

1-2 visits
I I
Interview Oral examination Saliva sampling
demographic data, dental caries and for TAS2R38
oral self-care periodontal indices genotyping assay
(n=250) (n=238) (n=250)

Fig. 1 Data collection process. Flow chart describes data collection process and number of participants included in each step

missing, and filled teeth (DMFT) index was calculated
[22-24]. For periodontal examination, the researcher had
been trained by a certified periodontist over 4 clinical
sessions to achieve >80% agreement, also any difference
was <1 millimetre (mm). We used a CP-15 periodontal
probe to measure and record periodontal measures in
6 locations around each tooth, including probing depth
(PD) and gingival margin position (GM) in mm. Clinical
attachment loss (CAL) was calculated using PD and GM.

Saliva collection

We used Oragene-DNA kits (OG-500, DNA Genotek
Inc., ON, Canada) to collect 2 ml of whole saliva samples
by following the manufacturer’s instructions. Samples
were mailed to Monell Chemical Senses Center, PA, USA
for TAS2R38 genotyping assays.

TAS2R38 genotyping assay

DNA extraction was done following the protocol
for samples collected with the OG-500 Kkits, using
prepIT®L2P (PT-L2P) (prepIT® L2P, DNA Genoteck
Inc., ON, Canada). Genetic variation of TAS2R38 (NCBI
Reference Sequence: NM_176817.5) was explored at 3
SNPs: rs713598 (C/QG), rs1726866 (G/A), and rs10246939
(C/T) (C__8876467_10, C__9506827_10, and
C__9506826_10, respectively; TagMan®, ThermoFisher
Scientific, CA, USA), using real-time polymerase chain

reaction (PCR) single nucleotide polymorphism assays
[25, 26]. Then, haplotypes and diplotypes were identified
and recorded, using Applied Biosystem™ StepOnePlus®
Real-Time PCR systems (Applied Biosystems® by Life
Technologiesm, ThermoFisher Scientific, CA, USA) for
genotyping experiments. The genotyping was performed
blind to the clinical status of the patients.

Data analysis

We analyzed continuous variables as mean and standard
deviation. For categorical variables, we reported counts
and percentages. We used one-way ANOVA to compare
means. Proportion was tested using chi-square tests.
Kruskal-Wallis test was used to compare the difference
among groups for skewed data and to test the proportion
trend. For the disease association study, we used logistic
regression, and the results were presented as odds ratios
(OR) and 95% confidence interval (CI).

Participants with three common genotypes were
classified according to the data from the oral examina-
tions. Dental caries measures included mean number
of decayed, missing and filled teeth due to dental car-
ies (mean DMFT) and prevalence of having DMFT > 1.
Various case definitions of periodontal disease have
been employed in previous studies. Therefore, we
explore the association between the genotypes and
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periodontal disease using different cut-offs, including
the prevalence and extent (% of sites) of PD >4, 5 mm
and CAL>3, 4,5 mm.

StatalC 16 (StataCorp LLC, Texas, USA) was used for
data analysis. The significance level was set at 5%.

Table 1 General Characteristics of study population (N =250)
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Results

A total of 250 adult patients (age 19-75 years, mean age
30.5 years) were enrolled in this study. There were 116
(46.4%) males and 134 (53.6%) females. Most partici-
pants were in the age group of 18-24 years (44.8%) and
25-34 years (27.6%) and considered themselves as Thai
(70.4%) and Chinese-Thai (24.0%). Eighty-six percent of
the participants’ hometown was in Northeastern Thai-
land. Most of the participants completed high school and
higher education, and had monthly income of <20,000
Thai Baht (Table 1).

Frequency distribution of TAS2R38 Polymorphisms
The genetic variation at 3 sites were comprised of 2 com-

:‘;?::;ZI?D'ES w ;;iiﬁf’7 mon haplotypes: PAV (67.2%) and AVI (32.8%). These

Hometown region, n () then resulted in 3 common diplotypes; PAV/PAV (46.0%),
Norther 5632 PAV/AVI (42.4%), and AVI‘/A\./I (1‘1.6%). The hapl‘oty‘pe
Contral 1906 and diplotype frequency distributions were not signifi-

cantly different between male and female participants.
Ea;:k:gastem ;(??;6 0 Based on 2 haplotypes, the diplotype frequency distribu-
’ tion was at Hardy—Weinberg equilibrium (Table 2).

Southern 3(1.2)

Race/gthnicity, n (%) Association between TAS2R38 polymorphisms and oral
Thai 175 (70.4) diseases
Chinese-Thai 60(240) Twelve of the original study participants could not come
Other® 14(56) back for the oral examination visit and were not included
Notknown 104 in this part of the study, leaving 238 participants. Sex

Completed years of education, n (%) proportion, average age, and the average number of teeth
0-12 250100) were not significantly different between genotype groups.
13715 133632 Socio-economic factors and oral self-care behaviors were
1o+ 92(368) similar between subgroups (Fig. 2).

Monthly income®, n (%)
=10,000 87(365) Dental caries
10001-20,000 78(328) The average DMFT score was not significantly different
20,001-30,000 25(105) among three diplotypes (p=0.58). The AVI/AVI group
230000 48(202) tended to have higher caries experience (OR=4.99; CIL:

? Including Laos-Thai, Vietnamese-Thai, and Cambodian-Thai 0.63, 39.22), while PAV/AVI tended to have lower caries

b presented in Thai Baht

Table 2 Genotype frequency distribution (N=250)

TAS2R38 Genotype: n (%) Sex p value?

Haplotype Male (n=116) Female (n=134)

PAV 336 (67.2) 150 (64.7) 189 (69.4) 0.26

AVI 164 (32.8) 82(353) 82 (30.6)

Diplotype E HWE

PAV/PAV 115 (46.0) 113 (45.2) 0.92° 47 (40.5) 68 (50.7) 0.20

PAV/AVI 106 (42.4) 110 (44.0) 56 (48.3) 50(37.3)

AVI/AVI 29 (11.6) 27 (10.8) 13(11.2) 16 (12.0)

E=expected value based on 2 haplotypes
HWE = Hardy-Weinberg Equilibrium Test

2 Chi-square test
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Table 3 Association between TAS2R38 genotype and dental

caries
Genotype N DMFT Prevalence of dental
caries (DMFT>1)

Mean +SD Range % OR [95% CI]?

Total 238 52445 0-27 82.8

PAV/PAV 109 52+40 0-18 84.4 Reference

PAV/AVI 101 50+46 0-18 77.2 0.6 [0.3-1.3]

AVI/AVI 28 60+58 0-27 9.4  50[06-39.2]

p value® 0.58

p for trend® 061

? Logistic regression
b One-way ANOVA
¢ Kruskal-Wallis test

with PAV/PAV group. However, these differences were
not statistically significant (Table 3).

Periodontal disease
The average PD was not significantly different
among three diplotypes (2.31+0.2 mm for PAV/PAV,

2.34+0.2 mm for PAV/AVI and 2.34+0.1 mm for AVI/
AVI). However, a significant difference in the prevalence
of PD > 5 mm was found among groups. The odds of hav-
ing PD >5 mm was lower in AVI/AVI (OR=0.3; CI: 0.1,
0.9) and PAV/AVI (OR=0.6; CL: 0.3, 1.1) than PAV/PAV
group (p for trend=0.02). Similar trend was also found
when considering the extent of periodontal disease. The
PAV/PAV group had the highest percentage of sites with
PD >4 and 5 mm, followed by PAV/AVI, and AVI/AV],
although the results were not significant (Table 4).

The average CAL was not significantly different
between 3 diplotypes (1.4+0.6 mm for PAV/PAV,
1.3£0.6 mm for PAV/AVI and 1.3+£0.5 mm for AVI/
AVI). There were some non-significant trends in the
expected direction. The AVI/AVI group tended to have
lowest percentage of sites with CAL> 3, 4, 5 mm, while
PAV/PAV tended to have the highest. A nearly significant
trend (p for trend =0.09) of the prevalence was observed
in CAL >5 mm (Table 4).

Discussion

The present study has reported TAS2R38 polymorphisms
in Thais. The distribution of genotypes for TAS2R38 in
a sample of dental patients from Northeastern Thailand
was similar to the distribution of genotypes observed
for other Asian populations studied. The proportion of
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participants with AVI/AVI diplotype was low (11.6%)
compared with populations of European origin [21, 27].
This result is in agreement with the low prevalence of
non-tasters of PTC previously reported for Thais [3, 4].
The genotypes differed from sub-Saharan African and
North American populations previously studied in that
only the two most common haplotypes (PAV, AVI) were
observed in our samples [27]. Our results were compara-
ble to those of Malaysians reported by Ooi et al. [28]. The
majority of the Malaysian subjects were Malay and Chi-
nese, in which the Chinese ethnic group carried the most
PAV haplotype. There were 60 participants (24%) in our
study who considered themselves as Chinese-Thai. Their
genotype frequency distribution was similar to those who
considered themselves as Thai, suggesting a close ethnic
relationship between the two [4]. In contrast, rare haplo-
types (AAV, AAI) have been reported in Caucasians and
Africans, resulting in different genotypes among those
populations [21, 27]. In many Asian populations, high
sensitivity to PTC/PROP is much more common, while
non-tasters are less common than in populations of Cau-
casian and African descent. Similarly, the non-taster gen-
otype was observed to be relatively rare in our sample.
Nevertheless, the diplotypes were in Hardy—Weinberg
Equilibrium. It was therefore appropriate to use these
genotype results to further study the association between
TAS2R38 genotypes and oral diseases.

Previous work has suggested that the PAV haplotype of
TAS2R38 confers protection against dental caries in pri-
mary dentition [14]. Children who are PROP tasters have
also been found to have lower dental caries experience in
their permanent teeth [29, 30]. We observed some trends
for reduced risk of dental caries in permanent dentition,
although these results were not statistically significant.
The lack of association of TAS2R38 genotype with car-
ies in these adult patients is consistent with prior studies,
which also did not observe an association of caries with
PTC/PROP tasting and TAS2R38 genotype in adults [11,
14]. One potential explanation is that the PAV form of
T2R38 may be of most benefit in protecting against ‘early
colonization’ of the oral cavity by cariogenic pathogens
[29, 30].

A previous in vitro study found that gingival epithelial
cells with the AVI/AVI genotype increased expression
of T2R38 by 4.4 folds when stimulated with P gingi-
valis [20]. Additionally, AVI/AVI gingival epithelial cells
(but not PAV/PAV cells) increased secretion of hbD-2 in
response to stimulation with F nucleatum. This increase
was reversed by silencing T2R38 expression [20]. A
recently published series of studies using a mouse model
demonstrated that gingival solitary chemosensory cells
were involved in innate immune response in periodonti-
tis, and that taste receptors were involved in mediating
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this response [31]. These laboratory studies suggest that
taste receptors in the gingiva are important in modulat-
ing the host response to periodontal pathogens and likely
play a role in susceptibility to periodontal disease.

To our knowledge, this is the first report of the rela-
tionship between TAS2R38 genotype and periodontal
disease. PD and CAL are commonly used in assessing
periodontitis [32, 33]. We did not find a significant asso-
ciation between genotype at any levels of CAL, in terms
of both the prevalence and extent. Because most par-
ticipants were young adults who had low levels of peri-
odontal tissue destruction, CAL may not be a sensitive
measure of periodontal disease in the present study. On
the other hand, there was a significant association of gen-
otype and the prevalence of PD >5 mm, suggesting that
AVI was protective against periodontal disease. Having at
least one site of PD >5 mm is defined as mild periodon-
titis based on the American Academy of Periodontology/
Centers for Disease Control and Prevention (AAP/CDC)
case definitions [32].

We approached all patients coming to KKU dental hos-
pital. Age distribution and sex proportion of this study
population were similar to that of Northeastern Thai, and
Thai population [34]. Oral self-care behaviors of the study
population were comparable to that previously reported
for the Thai population [35]. Only healthy adults with no
history of current smoking were included to control for
other risk factors. The three genotype subgroups were
similar in general characteristics, socio-economic factors
and oral self-care behaviors. This indicates that the trend
and difference found in the present study were likely to be
due to the difference in genotypes. The average education
level and monthly income were higher when compared
to general Thais but these factors were not associated
with genotype. Taken together, these characteristics indi-
cate that our sample is similar to Northeastern Thai and
Thai population and our genotype frequency distribution
could be generalized to Northeastern Thais and Thais.

The present study had some limitations. Firstly, we
did not base the sample size of the study on power
required for the genotype and oral disease association
study. Therefore, these exploratory parts might not
have enough power to detect the association, if one
exists. Secondly, the use of convenience sampling in
the present study may limit generalizability of the find-
ings. However, the general characteristics which were
related to TAS2R38 polymorphisms of the participants
were similar to those of general Thais. Thirdly, with this
cross-sectional study design, the data are not suitable
to be used for causal inference. Thus, this study can-
not be used to conclude that specific TAS2R38 geno-
types cause or prevent oral diseases, but rather may be
risk indicators to be considered in adult Thai patients.
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Lastly, although the genotyping assays were done
with triplicate experiments for internal control, addi-
tional independent replication was not performed as
an external control. The present study has shown the
association between AVI/AVI genotype and reduced
prevalence of periodontal disease. Taste phenotyp-
ing for dental patients could therefore be useful in the
prediction of their susceptibility to future periodontal
breakdown. However, future research will be needed to
confirm the association between clinical signs of peri-
odontal disease and TAS2R38 genotype observed in
the current study. Case—control studies could be used
to ensure that adequate numbers of patients exhibit-
ing clear clinical evidence of periodontal disease are
included. Another approach would be to increase the
number of participants with AVI/AVI genotype in
order to increase the study’s power to detect the geno-
type and oral disease association.

Conclusion

TAS2R38 genotype frequency distribution in Thai den-
tal patients is similar to other Asian populations. AVI/
AVI genotype was associated with decreased preva-
lence of periodontal disease, whereas there was no
association between TAS2R38 genotype and dental
caries in Thai adults in this study. Should these trends
be confirmed, TAS2R38 phenotyping could be benefi-
cial in assessing disease prognosis. Also, T2R38 could
be considered as a specific target for adjunctive treat-
ments by activating innate immune response using bit-
ter compound.
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