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Abstract
Objectives The aim of this study was to examine levels of
salivary mucins in children with deciduous and mixed denti-
tion and to determine correlations between salivary mucins
and dental caries status in two dentition stages.
Materials and methods Saliva samples were collected from
preschool children with deciduous dentition aged between 4
and 6 years (n=60) and school children with mixed dentition
aged between 9 and 11 years (n=60). In each age group, the
subjects were divided into two categories: high and low caries
risk (n=30 each). Salivary mucins (MUC5B andMUC7) were
measured by enzyme-linked immunosorbent assay (ELISA).
Results There were no significant differences in MUC5B and
MUC7 levels between high and low caries-risk groups in pre-
school children. Significantly increased MUC5B (p=0.01)

and decreased MUC7 (p=0.04) levels in a low caries-risk
group were demonstrated in school children. No significant
correlations were observed between salivary mucins and den-
tal caries in preschool children, whereas a significantly nega-
tive correlation (r=−0.29, p=0.03) between MUC5B and the
number of decayed teeth was observed in school children.
Conclusion Patterns of salivary mucin expression in relation
to dental caries were different between preschool and school
children. The present findings suggest that changes in oral
environment from deciduous to mixed dentition may affect
the secretion of salivary mucins in response to dental caries.
Clinical relevance The present study provides additional in-
formation that changes in oral environment from deciduous to
mixed dentition stage possibly affect the secretion of salivary
mucins in response to dental caries.
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Introduction

Dental caries is a major public health problem in many devel-
oping countries including Thailand. Data from the seventh
national oral health survey in 2012 indicated that dental caries
was as high as 78.5 % in Thai children aged 5 years and
52.3 % in those aged 12 years [1]. Caries is a unique multi-
factorial infectious disease which is associated with internal
defense factors and external factors [2]. Saliva plays an im-
portant role in maintenance of oral health. Saliva contains a
large number of proteins including mucins, proline-rich gly-
coprotein, immunoglobulins, agglutinin, lactoferrin, cystatins,
and lysozyme [3]. Saliva is involved in several protective
functions of dental structure such as promotion of
remineralization, retardation of demineralization, neutraliza-
tion of acids, and prevention of microbial adherence and their
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growth [3]. It has been reported that changes in salivary pro-
tein compositions involve in dental caries etiology [4–6].
These findings suggest the potential use of salivary proteins
as biological indicators of dental caries.

Salivary mucins are glycoproteins and mainly synthesized
by the mucus acinar cells of the paired submandibular and
sublingual gland as well as minor salivary glands [7, 8].
There are two major types of genetically different salivary
mucins, including high molecular weight mucin (MG1 or
MUC5B) and low molecular weight mucin (MG2 or
MUC7) [4, 7–9]. MUC5B plays an important role in barrier
function, lubrication, and protection of the dental surfaces,
whereas MUC7 plays a major role in binding of microorgan-
isms and oral clearance of bacteria [3–5, 7–13]. Moreover,
salivary mucins are major constituents of the biofilm that
covers and protects the oral mucosa and tooth surface [14].
Several studies reported different patterns of salivary mucin
secretion in various age groups [14–17]. One previous study
demonstrated an association between dental caries index and
reduced levels of salivary MUC5B and MUC7 in young
adults [6].

To our knowledge, no studies have investigated the levels
of salivary mucins in children with different dentition stages.
We hypothesized that the alteration of salivary mucin secre-
tion in response to dental caries might be associated with
changes in oral environment from deciduous to mixed denti-
tion. The objective of this study was to measure the levels of
salivary MUC5B and MUC7 in preschool children with de-
ciduous dentition and school children with mixed dentition
and to determine the correlations between levels of salivary
mucins and dental caries status in two dentition stages.

Materials and methods

Study participants

During October 2006 and April 2008, 120 children in pre-
school level (aged 4–6 years; n=60) and school level (aged
9–11 years; n= 60) from Khon Kaen University’s
Demonstration School were recruited in the study. Criteria
for selecting children with tooth decay conditions were
adapted from the criteria set by the American Academy of
Pediatric Dentistry [18]. In each school level, 30 participants
were selected for a high caries-risk group and the other 30
participants were selected for a low caries-risk group. The
criteria for a high caries-risk group consisted of the presence
of at least one carious tooth, visible plaque on anterior teeth,
and having greater than or equal to three between-meal sugary
foods per day. Children who did not match these criteria were
classified as having low caries risk. Exclusion criteria includ-
ed history of significant medical conditions, taking any med-
ication known to reduce salivary flow rate, and using fixed or

removable prostheses. A self-administered questionnaire was
used to collect information on demographic characteristics,
frequency of tooth brushing, and use of fluoride supplement.
The study protocol was approved by the Khon Kaen
University Ethics Committee in Human Research
(HE480238). All parents signed informed consent forms,
while the school children provided assent.

Clinical examination and collection of saliva

Clinical examinations for dental caries and oral hygiene were
performed by one calibrated dentist. Dental caries was deter-
mined according to the modified World Health Organization
(WHO) diagnostic criteria [19]. Oral hygiene was assessed
using the Simplified Oral Hygiene Index (OHI-S) by Greene
and Vermillion [20]. Unstimulated whole saliva samples were
collected between 9 a.m. and 11 a.m. Saliva from each individ-
ual was collected every 1 min by spitting into a disposable
polypropylene sterile tube with an adapted disposable cup.
Salivary flow rates were determined gravimetrically and
expressed inmilliliters perminute (mL/min). All saliva samples
were immediately placed on ice for transportation. Samples
were centrifuged at 4000 rpm for 10 min. Supernatants were
aliquoted and stored at −80 °C until the assays were performed.

Assays for measurement of salivary MUC5B and MUC7

Enzyme-linked immunosorbent assay (ELISA) protocols
were developed for measurement of MUC5B and MUC7 in
human whole saliva. One hundred microliters of diluted saliva
(1:200 for MUC5B and 1:10 for MUC7) in coating buffer,
carbonate-bicarbonate buffer (pH 9.6), was added to each
well. Microtiter plates were kept at 4 °C overnight and then
washed three times with 0.05 % Tween 20 in normal saline
(NS). Two hundred microliters of 3 % bovine serum albumin
(BSA) in phosphate buffer saline (PBS) (pH 7.2) was added to
each well for 1 h at 37 °C for blocking nonspecific binding,
followed by washing three times with NS. For the determina-
tion of salivary MUC5B, 100 μl of diluted mouse antihuman
MUC5B antibodies (1:100) [21] in incubation buffer with 2 %
skimmed milk was added to each well, followed by washing
three times with NS. One hundred microliters of biotin-
conjugated goat anti-mouse IgG antibody (1:5000; Zymed
Laboratories Inc., San Francisco, CA) in incubation buffer
with 2 % skimmed milk was added to each well, followed
by incubation for 1 h at 37 °C. After washing three times with
NS, 100 μl of streptavidin-conjugated peroxidase (1:10,000;
Zymed Laboratories Inc.) in incubation buffer was added to
each well, followed by incubation for 1 h at 37 °C. To estimate
salivary MUC7, 100 μl of diluted rabbit antihuman MUC7
antibodies (1:100) [22] in incubation buffer with 2 %
skimmed milk was added to each well, followed by washing
three times with NS. One hundred microliters of biotin-
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conjugated goat anti-rabbit IgG antibody (1:5000; Zymed
Laboratories Inc.) in incubation buffer with 2 % skimmed
milk was added to each well, followed by incubation
for 1 h at 37 °C. After washing three times with NS,
100 μl of streptavidin-conjugated peroxidase (1:10,000;
Zymed Laboratories Inc.) in incubation buffer was added
to each well, followed by incubation for 1 h at 37 °C.

After washing three times with NS, 100 μl of freshly pre-
pared substrate solution containing one O-phenylenediamine
dihydrochloride (OPD) tablet (Sigma Chemical Co.), 14 μl of
30 % H2O2, and 20 ml of 0.05 M citrate buffer (pH 5.0) was
added to each well. Incubation was approximately 20 min to
observe for the development of color in the wells. The reaction
was stopped by adding 100 μl/well of 2 N H2SO4, and the

Table 1 Characteristics of the participants by age and caries risk

Characteristic Preschool (4–6 years old) School (9–11 years old)

High caries risk
N=30

Low caries risk
N=30

p value High caries risk
N=30

Low caries risk
N=30

p value

Gender

Boy 63.3 46.7 0.19 53.3 53.3 1.00
Girl 36.7 53.3 46.7 46.7

Marital status of parents

Married 93.1 96.7 0.56 100.0 88.5 0.19
Divorce 3.4 3.3 0.0 3.8

Widow 3.4 0.0 0.0 7.7

Occupation of father

Government officer 60.7 50.0 0.50 81.0 58.3 0.39
Business 14.3 35.7 9.5 25.0

Government enterprise 10.7 10.7 0.0 4.2

Employee 14.3 3.6 9.5 8.3

Housewife 0.0 0.0 0.0 4.2

Occupation of mother

Government officer 62.1 41.4 0.46 80.0 88.0 0.36
Business 13.8 31.0 5.0 4.0

Government enterprise 10.3 10.3 5.0 0.0

Employee 3.4 10.3 10.0 0.0

Housewife 10.3 6.9 0.0 8.0

Primary caretaker

Parent 86.2 96.7 0.46 96.2 88.0 0.24
Grandparent 3.5 0.0 0.0 4.0

Other 10.3 3.3 3.8 8.0

Child self-toothbrushing

Yes 86.7 96.6 0.24 100.0 100.0 1.00
No 13.3 3.4 0.0 0.0

Toothbrushing frequency

1 time/day 18.2 20.8 0.44 5.6 0.0 0.07
2 times/day 45.5 62.5 77.8 52.0

3 times/day 36.4 16.7 16.7 48.0

Use of dental floss

Yes 3.4 3.6 0.84 34.5 43.3 0.49
No 96.6 96.4 65.5 56.7

Fluoride supplement

Yes 69.0 82.1 0.43 89.7 92.9 0.67
No 31.0 17.9 10.3 7.1

Saliva flow rate (ml/min) (mean±SD) 0.51±0.49 0.40±0.28 0.32 0.64±0.28 0.81±0.36 0.37

Plaque index (mean±SD) 0.76±0.22 0.68±0.18 0.24 0.97±0.30 0.80±0.29 0.02

Data are presented as percentage unless stated otherwise

Data in italics was significant to p<0.05
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absorbances were measure on a microtiter plate reader (Sunrise
microtiter plate reader; Tecan, Austria) at 492 nm. All saliva
samples in the procedures of ELISAwere done in triplicate, and
the data were calculated from the mean optical density (OD)
values of three tests for each sample. Triplicate determinations
of each sample were estimated for coefficient of variation (CV).
Substrate and H2O2 was used as a blank control, and incubation
buffer in place of saliva sample was used as a negative control.
An inter-plate saliva sample from one participant was used to
compare plate-to-plate absorbance variation, thereby calibrating
plate-to-plate discrepancy, accordingly.

Statistical analyses

Characteristics of the study groups were compared using chi-
square and t tests. Salivary MUC5B and MUC7 data were
analyzed as mean OD values. The Mann-Whitney U test
was utilized to assess statistical differences in the levels of
salivary mucins between high and low caries-risk groups.
Spearman’s rank correlation coefficients were used to deter-
mine the correlations between salivary mucin levels and den-
tal caries status. p values <0.05 were considered statistically
significant.

Results

Characteristics of study population

Table 1 shows characteristics of the participants according to
age groups and dental caries risk. The two investigated groups

were similar in regard to demographic characteristics, oral
care behaviors, fluoride supplement use, and salivary flow
rate. School children with high caries risk had a significantly
higher plaque index compared to those with low caries risk
(p=0.02).

Levels of MUC5B and MUC7 in saliva

In the preschool children with deciduous dentition, there were
no statistically significant differences in the levels of MUC5B
and MUC7 between the high and low caries-risk groups
(Figs. 1 and 2). In the school children with mixed dentition,
levels of salivary MUC5B were significantly higher in a low
caries-risk group than those in a high caries-risk group (p=
0.01). In contrast, levels of salivary MUC7 were significantly
lower in a low caries-risk group than those in a high caries-risk
group (p=0.04) (Figs. 1 and 2).

Correlations between levels of salivary mucins and dental
caries status

In the preschool children, no significant correlations were
found between salivary mucins and dental caries status as
measured by the numbers of decayed teeth (dt) and decayed
surfaces (ds) in deciduous dentition (Table 2). In the school
children with mixed dentition, salivary MUC5B levels were
negatively correlated with the number of decayed deciduous
and permanent teeth (DT + dt; r=−0.29; p=0.03) and surfaces
(r=−0.29; p=0.03). No significant correlations between
MUC7 and dental caries index were demonstrated in the
school children (Table 2).

Fig. 1 Levels of salivary
MUC5B representing as OD
values in preschool (aged 4–
6 years) and school (aged 9–
11 years) children with high and
low dental caries risk. The boxes
represent the inter-quartile range,
with the lower edge and upper
edge corresponding to the 25th
and 75th percentiles, respectively.
The horizontal line within each
box represents the median
expression level in each group.
The circles indicate outliers, and
the stars represent extreme
outliers. In the school children,
salivary MUC5B was
significantly higher in a low
caries-risk group than that in a
high caries-risk group (p=0.01)
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Discussion

In this study, we measured the levels of salivary mucins in
preschool and school children with different dental caries sta-
tus, using an ELISA technique. Preschool children aged be-
tween 4 and 6 years represented an oral environment with
deciduous dentition, whereas school children aged between 9
and 11 years represented an oral environment with mixed den-
tition. According to our results, increased MUC5B and de-
creased MUC7 levels were observed in school children with
low caries risk. No differences in salivary MUC5B and MUC7
levels were found between high and low caries-risk groups in
preschool children. The present study extended previous

observations in young adults with permanent dentition which
found the higher salivary levels of MUC5B and MUC7 in a
low dental caries-risk group [6]. Collectively, these findings
suggested that secretion of salivary mucins in response to den-
tal caries might be influenced by various oral conditions such as
changes in oral environments during child growth and tooth
development from deciduous to permanent dentition. It should
be noted that, in our study, antihuman MUC5B antibody was
directed against a Lewis blood group glycan moiety and anti-
human MUC7 antibody was directed against a peptide moiety.
Therefore, it would be hypothesized that degradation of mucin
glycans by bacterial enzymes such as glycohydrolases in the
oral environment could be another possible inducer of differ-
ences in salivary mucin levels assessed by ELISA.

Several studies reported different patterns of salivarymucin
secretion in various age groups [14–17]. In addition, shifts in
nutrition from fluids to solids and variations in exposure to
pathogenic stimuli such as microorganisms may affect sali-
vary secretions [14, 15]. One previous study demonstrated
that decreased salivary MUC7 concentrations were signifi-
cantly associated with elevated Streptococcus mutans titers
in elderly subjects [11]. According to previous and present
findings, one may hypothesize that several oral conditions
such as aging and tooth development from deciduous to per-
manent dentition may affect salivary MUC5B and MUC7
secretion in response to dental caries. However, it remains
unclear how the regulation of salivary mucin secretion at var-
ious oral conditions is affected by factors inducing dental car-
ies such as cariogenic bacteria. Thus, to prove the aforemen-
tioned hypothesis, further studies are essential to validate
which factors or mechanisms, at various oral conditions, play

Fig. 2 Levels of salivary MUC7
representing as OD values in
preschool (aged 4–6 years) and
school (aged 9–11 years) children
with high and low dental caries
risk. The boxes represent the
inter-quartile range, with the
lower edge and upper edge
corresponding to the 25th and
75th percentiles, respectively. The
horizontal line within each box
represents the median expression
level in each group. The circles
indicate outliers. In the school
children, salivary MUC7 was
significantly lower in a low
caries-risk group than that in a
high caries-risk group (S=0.04)

Table 2 Correlations between levels of salivary mucins (MUC5B and
MUC7) and caries status of preschool and school children

Group Caries
status

MUC5B MUC7

Preschool children (aged 4–6 years)
(n=60)

dt r=0.00
p=0.98

r=−0.01
p=0.96

ds r=0.02
p=0.90

r=0.00
p=0.99

School children (aged 9–11 years)
(n=60)

DT + dt r=−0.29
p=0.03

r=0.19
p=0.15

DS + ds r=−0.29
p=0.03

r=0.15
p=0.24

dt = number of decayed teeth in deciduous dentition, ds = number of
decayed surfaces in deciduous dentition, DT = number of decayed teeth
in permanent dentition, DS = number of decayed surfaces in permanent
dentition

Data in italics was significant to p<0.05
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a major role in regulating salivary mucin expression in re-
sponse to dental caries.

Regarding the correlations between salivary mucins and
dental caries status, one study demonstrated negative correla-
tions between salivary mucins (MUC5B andMUC7) and den-
tal caries index in young adults aged 17–24 years with perma-
nent dentition [6]. In addition, it was reported that changes in
salivary proteins such as mucins and antimicrobial peptides
during aging were significantly correlated with dental caries
prevalence [23]. Our observations are in agreement with the
previous studies by demonstrating a negative correlation be-
tween salivary MUC5B and the number of decayed teeth/
surfaces in school children with mixed dentition. However,
no significant correlations were observed between salivary
mucin levels (MUC5B and MUC7) and dental caries in pre-
school children with deciduous dentition. The present data
demonstrated that patterns of correlations between salivary
mucins and dental caries status were different between decid-
uous and mixed dentition. Thus, previous and present findings
imply that changes in tooth development from deciduous to
permanent dentition may affect the association between sali-
varymucins and dental caries. However, we could not exclude
the possibility that other factors such as criteria for establish-
ing dental caries status and different methods for measuring
levels of mucins in saliva may result in different outcomes.
Therefore, standardization of methods for measurement of
salivary mucins at various oral conditions would be of impor-
tance to validate MUC5B and MUC7 as caries risk indicators.
In addition to salivaryMUC5B andMUC7, other mucins such
as MUC1 and MUC4 which were produced by minor salivary
glands, parotid glands, and buccal epithelial cells [24, 25]. In
addition, the expression of soluble forms of MUC1 and
MUC4 was demonstrated in human-stimulated parotid secre-
tion [25]. There has been evidence that MUC1 and MUC4 are
involved in the physical protection [26, 27]. Therefore, it
would be of interest to investigate whether there are any con-
nections among the expression of soluble forms ofMUC1 and
MUC4 in whole saliva, dental plaque, and dental caries in
association with tooth development of deciduous to perma-
nent dentition.

In conclusion, the present study suggests that the patterns
of salivaryMUC5B andMUC7 expression and the patterns of
correlations between dental caries status and salivary mucins
were different between preschool children with deciduous
dentition and school children with mixed dentition.
Taken together, these findings suggest that changes in
oral environment from deciduous to mixed dentition
may have an effect on the secretion of salivary mucins
in response to dental caries. Further studies to investigate
whether each type of salivary mucins could have its own
functional profile in response to dental caries would be
important for validation of salivary mucins as caries risk
indicators.
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