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Abstract

Purpose: Data currently available indicate the significance of salivary mucins MUC5B and MUC7 in
the protection of teeth against caries. Our study aimed to determine the relationship between
dental caries in adults and levels of MUC5B and MUC?7.

Methods: The studies were conducted on 45 adult subjects selected on the basis of dental
examination and calculation of the DMFT (Decayed, Missing, and Filled Teeth) index. Among these
patients, two research groups were distinguished: group 1 included 19 caries-free subjects
(DMFT = 0); and group 2 included 26 patients with severe caries (DMFT > 13.9). Samples of whole
unstimulated saliva were collected and centrifuged. MUC5B and MUCT7 content in saliva supernatant
were estimated using an enzyme-linked immunosorbent sandwich assay (ELISA). Analysis of the
obtained data receiver operating characteristic (ROC) curves was employed to define relationships
between the contents of the studied mucins and the detected dental caries.

Results: In subjects from group 1, the mean level of MUC5B amounted to 0.63 * 0.35 ng/ml and this
was significantly higher than the concentration of mucin in patients of group 2, which amounted to
0.38 £ 0.32 ng/ml (p = 0.023). The mean level of MUC7 amounted to 5.47 + 1.18 ng/ml and this was
significantly higher than the level of the mucin in group 2, which was 1.39 * 0.86 ng/ml (p< 0.0001).
In parallel, a relationship was detected between levels of the examined mucins and manifestation of
dental caries. For MUC7, the optimal cut-off value was obtained (i.e. corresponding to 100%
sensitivity and specificity), amounting to 2.5 ng/ml for the detection of dental caries risk.

Conclusions: Development of dental caries is linked to reduced concentrations of MUC5B and
MUCY7. The level of MUC7 may represent a significant parameter clinically suitable for evaluation of
disease risk.
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Introduction

The etiopathogenesis of dental caries is complex,
with several causes, and has not been completely
clarified [1,2]. Currently, the principal etiological
agent initiating dental caries is known to involve
cariogenic  bacteria, oral streptococci (mostly
Streptococcus mutans), early stage carious lesions and
lactobacilli from advanced lesions [1,3,4]. In parallel,
the significance of factors initiating the carious

process has been recognized (pathological factors),
including, above all, free sugars in the diet,
inadequate fluoride, poor oral hygiene and salivary
dysfunction [5,6]. The physical and chemical
properties of saliva are essential for the preservation
of dental health [7]. However, knowledge of the
proteins and glycoproteins present in saliva is only
fragmentary. In our previous studies, we
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demonstrated a significant association between
salivary acidic proline-rich proteins (APRP-1/2) and
the severity of caries[8]. In turn, the
mucin-glycoproteins present in saliva play a
dominating role in the maintenance of oral health [9].
Currently,  aheterogeneous  group of 20
structurally-unique human mucins has been
distinguished, from which the presence of MUC5B,
MUC7, MUC19, MUC1 and MUC4 has been
demonstrated in saliva [9,10,11]. MUC5B, MUC7 and
MUC19 represent asubgroup of secreted mucins,
while MUC1 and MUC4 represent
membrane-associated mucins. Several data suggest
the potential significance of salivary mucins in
protection against dental caries [12,13,14,15].
Nevertheless, it remains to be established whether the
manifestation of dental caries in adults is associated
with quantitative disturbances in the above
glycoproteins.

This study aimed at determining the relationship
between dental caries in adults and levels of MUC5B
and MUC7.

Materials and methods

Patients selection

The studies were conducted on 45 patients (25 -
40 years of age), where dental examination and
calculation of the DMFT (decayed, missing and filled
teeth) index, according to the World Health
Organization (WHO) criteria [16], enabled the
condition of dentition to be defined. This study was
approved by the Bioethical Commission of Poznan
University of Medical Sciences, Poland (No 60/15),
in accordance with principles of good clinical practice
(ISO 9001:2008) and the Helsinki Declaration [17].

Two research groups were distinguished: group
1 included 19 persons (25 - 37 years of age; mean 29.42
* 3.71 years; 9 men, 10 women) who were caries-free
(DMFT =0). In no patients from this group were
caries or fillings detected. Group2 included
26 persons (25 - 40 years of age; mean 32 + 5.74 years;
13 men, 13 women) with severe dental caries (DMFT
> 13.9). Moreover, PLI (Plaque Index) and GI
(Gingival Index) were estimated. PL.I was calculated,
representing an exponent of dental plaque presence
and thickness [18]. In turn, GI was calculated on the
basis of an evaluation of gingival health [19].

The patients qualified for the studies were
healthy, with no general or chronic diseases in
anamnesis. Moreover, the exclusion criteria included
fungal infection inthe oral cavity, destructive
periodontal diseases, bruxism and smoking of
cigarettes. In the three weeks preceding the study, the
patients were not subjected to hygienization

procedures or to the use of anti-bacterial mouth
washes.

Salivary sample collection

Samples of saliva from the patients were
collected between 8:00 AM and 11.00 AM. All subjects
abstained from eating and drinking for 2 h.
Unstimulated whole saliva was collected for 10-15
min by the spitting method [20]. The volume of saliva
samples obtained was 2 ml. Saliva samples were
homogenized by vigorous shaking with the use of a
vortex mixer and clarified by centrifugation at 3000 x
g for 15min at 4°C. Thealiquots of clarified
supernatants were stored at -80°C for MUC5B and
MUC7 measurements.

Estimation of MUC5B and MUC7

High sensitivity enzyme-linked immunosorbent
sandwich assay (ELISA kits; Catalog No.: E0684h for
MUC-5B and E1808h for MUC-7, EIAab; Wuhan,
China) were used to determine the levels of MUC5B
and MUC7 in the saliva samples. In the assay,
recombinant MUC5B and recombinant MUC7 were
used as standards (positive controls). The range of the
standard curve was 0.312 - 20 ng/ml for MUC5B and
0.469 - 30 ng/ml for MUC?. The tests were performed
as recommended by the manufacturer. Values of
absorbance, depending on estimated MUC5B or
MUC7, were read at the wavelength of A =450 nm
using a Reader 250 (bioMerieux). The results were
obtained from standard curves. Every estimation of
salivary MUC5B and MUC7 was repeated three times,
and the obtained mean represented the individual
result for the patient.

Statistical analysis

Results obtained in the studies were analyzed
using Statistica v.13 software. Inthe analysis of
quantitative characters, we used mean arithmetic
values, standard deviations and median values. In the
evaluation, we employed the nonparametric
Mann-Whitney U test. Moreover, the receiver
operating characteristic (ROC) curve analysis was
tested by DeLong method to define the relationship
between the values of the studied mucins and
demonstrated dental caries and to estimate the
optimum cut-off value for detection of dental caries
risk. Each point on the ROC curve represents a
sensitivity / (1-specificity) pair corresponding to a
particular decision threshold for the mucins. The area
under the ROC curve (AUC) is a measure of how well
a parameter (mucin) can distinguish between people
with and without tooth decay. Additionally, to
estimate the optimum cut-off value, in the graphs we
presented the intersection point of the sensitivity and
specificity values for the particular mucin. Differences
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with p-values higher than 0.05, were considered
insignificant.

Results

The studies were conducted on two groups of
patients. No significant differences which could
depend on age (p = 0.0891) or sex (p = 0.898) were
revealed between the groups.

The obtained DMFT, PL.I and GI values in the
two examined groups are shown in Table 1.

Table 1. DMFT, PL.I and Gl values in caries-free patients (group
1) or those with severe caries (group 2)

Clinical indices Group 1 Group 2 p-values

(n=19) (n=26)
Mean values + SD [median values]
DMFT 0 16.11+2.26 -

[15.50]

PLI 0.65 +0.20 246 +0.57 p <0.0001
[0.70] [2.15]

GI 0.36 £0.14 2.68 +3.36 p <0.0001
[0.40] [2.05]

DMFT- decayed, missing and filled teeth index; PL.I - plaque index; GI- gingival
index.

p-level of statistical significance in Mann-Whitney U test upon comparison of PL.I
or Gl values in group 2 vs. group 1 (control).

In none of the patients of group 1 were caries or
fillings detected (DMFT=0), while the group 2 patients
with severe dental caries manifested a mean DMFT
value of 16.11 + 2.26. In parallel, mean values of PL.I
and GI amounted, respectively, in group 1 patients to
0.65 £ 0.20; 0.36 £ 0.14 and in group 2 patients to 2.46 +
0.57; 2.68 £ 3.36. The data were significantly different
in the studied groups.

Results of estimations representing
concentrations of salivary mucins (MUC5B and
MUC?) are shown in Table 2.

Table 2. Levels of salivary mucins MUC5B and MUC7 in
caries-free patients (group 1) or those with severe caries (group 2)

The dental diagnosis of the presence of dental caries,
or its absence, provided the criterion for sensitivity
and specificity (Figures 1 and 2).
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Figure 1. Receiver operating characteristic (ROC) curve for salivary levels of
MUC5B

Mucin Group 1 Group 2 p-values

(n=19) (n=26)
Mean values * SD [median values]
inng/ml

MUCS5B 0.63 +£0.35 0.38 £0.32 p=0.0233
[0.50] [0.40]

MUC7 547 +1.18 1.39£0.86 p <0.0001
[5.60] [1.80]

In group 1, the mean concentrations of MUC5B
and MUC7 amounted, respectively, to 0.63 + 0.35 and
547 £ 118 ng/ml. In turn, in group 2 mean
concentrations of MUC5B and MUC7 amounted to,
respectively, 0.38 £ 0.32 and 1.39 £ 0.86 ng/ml. Upon
comparison between the groups, group 2
demonstrated significantly lower levels of MUC5B
and MUCY7. At the same time, ROC was used for
analysis of the obtained concentrations of MUC5B and
MUCY7 as related to the demonstrated caries curves.
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Figure 2. Receiver operating characteristic (ROC) curve for salivary levels of
MUC7

The area under the curve (AUC) values for
MUC5B and MUC7 amounted, respectively, to 0.699
and 1.0 and were significantly different (p = 0.0001).
In the context of sensitivity/specificity, the obtained
values within the range of 0to1 are presented in
Figures 1 and 2.
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Crossing of the curves of sensitivity and
specificity provided the cut-off point which, for
MUCSB, amounted to 0.4 ng/ml (Figure 3). In turn,
the cut-off point for MUC7 at a sensitivity of =1 and a
specificity of = 1 denotes the optimum (i.e. cut-off
value corresponding to 100% sensitivity and
specificity for the mucin, amounting to 2.5 ng/ml)
(Figure 4).
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Figure 3. Sensitivity/Specificity of individual values of MUC5B in ng/ml obtained
in studied subjects (caries-free) and in patients with dental caries. Cut-off value
for MUCS5B is set at 0.4 ng/ml
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Figure 4. Sensitivity/Specificity of individual values of MUC7 in ng/ml obtained
in studied subjects (caries-free) and in patients with dental caries. Optimum
value of cut-off for MUCT7 is set at 2.5 ng/ml

Discussion

Dental caries is a chronic disease, representing a
pathological process involving a dissolution of
hydroxyapatite and, through various stages of tissue
destruction, potentially leading to a complete
destruction of the tooth. Inaddition, a bacterial
biofilm inducing these changes can cause even
systemic  diseases.  Global population  studies
document that dental caries affects around 2.4 billion
people worldwide, representing the most frequent
civilization-linked disease [1,21]. In the multifactorial
etiopathogenetic process of dental caries, an
important role is played by salivary proteins
including their antioxidants functions, and
mucin-glycoproteins [9,22]. It has already been well
documented that, in normal physiology, mucins are
important components of innate immunity, protecting
the mucosal surfaces from noxious physical, chemical,
and biological influences. In parallel, it is indicated
that salivary mucins protecting dental enamel may
prevent dental caries [23]. Therefore, studies are
justified which aim to clarify if development of dental
caries in adults is linked to a disturbed content of
mucins in resting saliva. In this study, we have
compared concentrations of MUC5B and MUC7? in
saliva of caries-free persons and in patients with
severe dental caries. The study was conducted using
high sensitivity and specificity ELISA tests for the
detection of MUC5B or MUCY in the saliva samples.
Antibodies provided in the kits raised against a
specific amino acid motif in MUC5B or MUC?. Earlier,
it has been shown that carbohydrate-specific
antibodies may not always identify the mucin due to
local variations in glycosylation [24].

The MUC5B manifested in human saliva, with
its large molecular weight, and the smaller - MUC?,
are mainly secreted by submandibular/sublingual
glands [9]. Both MUC5B and MUC7 have been
identified within the mucus coat, protecting oral
tissue surfaces [25]. At the same time, it has already
been well documented that MUC5B manifesting high
affinity to tooth hydroxyapatite contributes to the
formation of the acquired enamel pellicle [26]. In in
vitro studies, the mature (formed in the previous 72 h)
acquired enamel pellicle was found to provide
protection to tooth enamel against demineralization
and its prevailing component involves MUC5B
[27,28]. Also, salivary MUC5B was found to
significantly inhibit S. mutans attachment and biofilm
formation on hydroxyapatite surfaces [23]. The
unique effect of mucin action is thought to result from
specific interaction between glycans on MUC5B with
bacteria. In contrast to MUC5B, MUC7 manifests low
affinity to tooth hydroxyapatite and it mainly remains
in the solution phase of the oral tissue-saliva interface
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[15]. Itis also indicated that MUC7 represents the
primary mucin which exerts antimicrobial effect
directly and preferentially against S. mutans [23,29].
Moreover, due to its bactericidal properties, the mucin
exerts an effect on in vitro formation and reduction of
the created S. mutans biofilm [14]. The mechanism of
action of MUCY7, which is distinct from that of MC5B,
involves its direct interaction via sialic acid with oral
microbes. Thus, both secreted mucins may prove
important in the prevention of dental caries: MUC5B,
by reducing S.mutans surface colonization; and
MUC? by direct inactivation of the -cariogenic
bacterium.

The results obtained in this study were analyzed
in two distinct groups of adult patients. Group 1
included healthy, caries-free individuals (DMFT = 0).
In parallel, individuals in the group manifested good
oral cavity hygiene and traits of benign gingivitis. In
turn, group 2 included patients with severe caries
(DMFT > 13.9), manifesting poor oral cavity hygiene
and traits of moderate gingivitis. PL.I and GI values
were significantly higher in group 2 than those in
group 1, which additionally confirmed the difference
in oral cavity health between the two groups of
patients. Inthe conducted studies, we have
demonstrated significantly higher levels of salivary
MUC5B and MUC?7 in group 1, which was caries—free
than in group 2, in patients with severe dental caries.
At the same time, analyzing the data obtained on the
basis of the drawn ROC curves, a relationship was
demonstrated between the demonstrated MUCS5B
values and MUC7 and the disclosed dental caries.
However, only for MUC7 was the optimum cut-off (of
2.5 ng/ml) obtained, above which the obtained results
remained within the normal range. Thus, this
parameter may prove clinically useful for diagnosis of
the risk of dental caries development in generally
healthy individuals. It is known that quantitative
disorders of salivary mucins may be associated with
the occurrence of chronic diseases. A significant
increase in salivary levels of MUC5B and MUC? in
patients with Helicobacter pylori-associated gastric
diseases [30] has already been well documented.
Results obtained by us, presented for the first time in
this study, enable the conclusion that reduced levels
of salivary MUC5B and MUC? can contribute to the
development of caries in adults and, in addition, the
demonstrated values of MUC7 may be useful in
evaluation of the disease risk. Currently, the tests
used for rapid risk assessment of dental caries are
mainly based on the determinations of
physicochemical properties of saliva such as
hydration status, salivary viscosity, pH, flow rate and
buffering capacity. However, statistical studies show
that none of the parameters mentioned above changes

only in dental caries. On the other hand, the
percentage of adults with caries in whom all the above
parameters are changed is low and occurs in 35% of
individuals [31]. It is also indicated that an increase in
total antioxidant capacity (TAC) of saliva may be an
indicator of active caries. However, the relevance of
the relationship between the TAC of saliva and dental
caries was found only in men [32]. In the context of
these data, we have shown in our study a high
specificity of MUC? levels disturbances in saliva in
patients with dental caries, so mucin may be a
particularly valuable salivary factor for preventive
dentistry. This conclusion is supported by the earlier
studies of Banderas-Tarabayet et al. [33], who
demonstrated, in patients with higher DMFT, a
significant reduction or absence of high- and
low-molecular-weight mucins as compared to
subjects with lower DMFT. These results contrast with
the data published by Gabryel-Porowska et al. [34] in
which no significant differences were disclosed
between salivary levels of MUC5B, and also MUC7
between patients with very low (control group) and
moderate (research group) intensities of dental caries.
However, the control group included just eight
persons and it did not include caries-free patients,
which resulted in a very wide and similar range of
levels documented for the two mucins. Moreover, the
estimated minimum values may induce doubts, since
they were over two - fold lower than the minimum
concentrations of MUC5B and MUC7 detected in the
tests applied by the above cited authors. Therefore, it
would be difficult to link those results to the results
presented in this study. On the other hand,
differentiated expression of salivary mucins in infant
saliva, increased concentration of MUC5B and
decreased level of MUC? in the second half of the first
year of life can be related to the phenomenon of
eruption of primary dentition [35,36].

In summary, we may conclude that the
development of dental caries is linked to reduced
concentrations of salivary mucins MUC5B and MUC?7.
In parallel, determinations of MUC7 levels seem to
carry practical significance inthe evaluation of the
risk of development of the disease. However, this
requires further studies on more numerous groups of
patients.
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