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ABSTRACT

Background: This study aimed to evaluate the relationship of the level of salivary peptides human 
neutrophil defensin (HNP) 1–3 in children with and without early childhood caries (ECC).
Materials and Methods: This in vitro study was conducted among 86 children of age 3–6 years who 
were divided into two groups: Group 1 – children with ECC (n = 43) and Group 2 – children without 
ECC (n = 43). Saliva samples were collected, and salivary peptide HNP1–3 levels were analyzed using 
enzyme‑linked immunosorbent assay. The data collected were subjected to appropriate statistical 
analysis. Independent sample t‑test was used to compare the mean salivary peptide levels of HNP1–3 
in children with and without ECC. One‑way ANOVA was used for intragroup comparison of the 
mean peptide levels between the ages. P < 0.05 was considered statistically significant.
Results: The mean age of the children in Group 1 and Group 2 was 5.12 ± 0.851 and 
4.88 ± 0.879 years, respectively. A statistically significant decrease was seen in salivary peptide 
HNP1–3 levels in children with ECC (1.44 ng/ml) when compared to children without ECC 
(6.04 ng/ml) with P < 0.001. There were no statistically significant differences in the gender‑ and 
age‑based comparisons.
Conclusion: A decrease in salivary peptide HNP1–3 levels might be a biological factor for 
predisposition to ECC and hence can be used as a predictive and a preventive tool in caries 
prevention.
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INTRODUCTION

Dental caries is a common disease that affects a large 
proportion of the world’s population.[1] Extensive 
research indicates that dental caries is the result of 
bacterial infection and is also influenced by host 
and dietary factors. This dental caries, which is 
clinically manifested through the decalcification of 
dental tissues, and demonstrated in young children in 

an acute nature, is known as early childhood caries 
(ECC).[2] ECC is a serious public health problem in 
both developing and industrialized countries. It begins 
early in life, progresses rapidly in those who are at 
high risk, and often goes untreated.[3]

Human saliva possesses several functions involved 
in oral health and homeostasis, with an active 
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protective role in maintaining oral health. It also 
contains appreciable quantities of free amino acids 
and low‑molecular‑weight peptides.[4,5] These 
molecules are exchangeable with plaque fluid, 
being not only potential metabolic substrates for the 
plaque microflora, but also products of microorganic 
metabolic pathways.[6] Antimicrobial peptides 
are natural antibiotics that provide a first line of 
defense against a wide spectrum of pathogens. 
These peptides may be particularly present in the 
oral cavity, where members of the microbial flora 
are present in high numbers at all times. Hence, 
levels of these molecules in saliva may express a 
higher or lower risk of developing this disease. The 
ability of peptides to kill or inhibit the proliferation 
of pathogenic microorganisms has been previously 
described.[7] In human adults, some peptides with 
antibacterial activity have been identified, including 
histatins, defensins, and the human cathelicidin 
LL37,[7,8] which demonstrates the potential importance 
of these molecules in oral infectious disease.

Recent research suggests that defensins and the 
cathelicidins are antibacterial agents in the oral cavity, 
whereas histatins are primarily antifungal agents.[9] 
The human β‑defensins (hBDs) are widely expressed 
in oral tissues and the gingival epithelium. The hBD 
1 and ‑2 have also been detected in salivary glands 
and ducts in the saliva.[10] The α‑defensins human 
neutrophil defensin (HNP) 1–3 are expressed in 
neutrophils and participate in nonoxidative microbial 
death and have been identified in gingival crevicular 
fluid.[11] The human cathelicidin peptide LL37 is 
found in neutrophils and inflamed epithelia as well 
as in saliva.[7] This pattern of expression suggests 
that both the defensins and LL37 could have a role 
in protecting the tooth structure from caries as 
well as protecting oral mucosa, and there is scanty 
information in the literature regarding this.

Hence, this ex vivo study was aimed at evaluating the 
relationship in the level of salivary peptide HNP1–3 
in children with and without ECC.

MATERIALS AND METHODS

This in vitro study was conducted among 86 children 
of age 3–6 years who reported to the Pediatric Dental 
Outpatient Department of Meenakshi Ammal Dental 
College and Hospital, Chennai. The sample size was 
calculated based on previous studies[12] with a power of 
80% using the Open Source Epidemiologic Statistics 

for Public Health, OpenEpi, Version 3.01 software 
2013, California, USA. The study was approved by 
the Institutional Review Board of Meenakshi Ammal 
Dental College and Hospital, Meenakshi University, 
Chennai, with IRB number MADC/IRB/2015/80.

Parental consent was obtained prior to the study. 
Children from both genders of age 3–6 years were 
screened by a single qualified dentist for the presence 
or absence of ECC. Children with systemic or 
congenital diseases, or those who were using any 
medications during saliva collection period or earlier, 
were excluded from the study. Caries experience 
was determined through visual and tactile methods 
by using a dental explorer and a mouth mirror on a 
dental chair with dental light, and the mean decayed, 
missing, filled teeth (dmft) score was recorded.[12] The 
teeth were identified as being decayed when at least 
one surface presented with clinical signs of cavitated 
lesion. Eighty‑six children from both genders were 
selected and separated into two groups with an equal 
distribution of 43 children in each group, based on the 
dmft score as, Group 1 children with ECC (dmft >1) 
and Group 2 children without ECC (dmft <1).

Two milliliters of unstimulated saliva was collected 
from both children with and without ECC into 
a wide‑mouth 15‑ml sterile plastic container as 
described by Fonteles et al.[13] Two milliliters of 
saliva was collected in the early hours of the day, 
and the participants were instructed to refrain from 
eating or drinking 1 h prior to the saliva sample 
collection to avoid contamination with nonsalivary 
components. One milliliter of the collected saliva 
samples was centrifuged at 3000 rpm for 10 min 
at 4°C in a cooling centrifuge (REMI Laboratory 
Instruments Pvt Ltd., Cama Industrial Estate, 
Mumbai, Maharashtra, India). The supernatant was 
transferred into individual sterile Eppendrof tubes 
and kept in a deep freezer for 20 days until all the 
samples were collected. The saliva samples were then 
kept in room temperature and were used to measure 
salivary HNP1–3 by enzyme‑linked immunosorbent 
assay (ELISA) (Elabscience Biotechnology Co. Ltd, 
Houston, Texas, USA). The results were noted from 
the ELISA reader.

Independent sample t‑test was used to compare the 
mean salivary peptide levels of HNP1–3 in children 
with and without ECC. Independent sample t‑test 
was used for intergroup (between Groups 1 and 2) 
and intragroup (within one group) comparisons and 
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the intergroup comparisons of mean peptide levels 
between the ages separately. One‑way ANOVA was 
used for intra‑group comparison of mean peptide 
levels between the ages separately.

RESULTS

A total of 86 samples were collected for the study 
with an equal distribution of 43 samples in each 
group: Group 1 with ECC (mean age 5.12 ± 0.851) 
and Group 2 without ECC (mean age 4.88 ± 0.879). 
A comparison of the mean salivary peptide levels 
of HNP1–3 between the study groups showed a 
statistically significant lower salivary peptide level 
of HNP1–3 (P < 0.001) in Group 1, which was 
1.44 ng/ml [Table 1].

Intragroup comparison between the mean salivary 
peptide levels of HNP1–3 based on the gender showed 
higher mean salivary peptide levels in males than in 
females in both groups, which was not statistically 
significant [Table 2]. Intergroup comparison between 
the mean salivary peptide levels of HNP1–3 based 
on the gender showed lower mean salivary peptide 
levels in the ECC group in both males and females 
when compared to children without ECC, which was 
statistically significant [Table 3].

The intragroup comparison of mean salivary peptide 
levels among different age groups did not show any 
statistically significant difference in both the groups 
[Table 4]. The intergroup comparison of mean 
salivary peptide levels among different age groups 
showed statistically significant difference in both the 
groups except for children aged 3 years, which was 
not statistically significant [Table 5].

DISCUSSION

Salivary defense plays a significant role as a part 
of innate immune system in maintaining the health 
of the oral cavity by its antimicrobial activities 
including microorganism aggregation and clearance 
from the oral cavity and immune surveillance.[14,15] 
Antimicrobial peptides which are locally expressed or 

systemically recruited as mediators, are endogenous 
and gene encoded and provide a rapid first line of 
defense against invading microorganisms.[15‑18]

Defensins are small, cationic antimicrobial peptides 
that can kill a wide variety of Gram‑positive and 
Gram‑negative bacteria, fungi, as well as enveloped 
viruses such as herpes simplex. Defensins are 
grouped into two subfamilies referred to as α‑ and 
β‑defensins. Till date, six α‑defensins have been 
identified in humans; four have been found in 
neutrophils and are called HNPs1–4. α‑defensins are 
synthesized as precursors which are stored as granules 
and are proteolytically cleaved and activated before 
release.[19,20]

HNP1–3 in saliva may contribute to resistance of 
caries by direct antimicrobial properties, either alone 
or in combination with other saliva components or 
by preventing biofilm formation on the surface of 
the tooth through its ability to bind to bacterial outer 
membranes.[12]

Proteins that originate peptides in whole saliva are 
derived mainly from the secretions of the parotid, 
submandibular, sublingual, and minor salivary glands. 
Nevertheless, a small amount of protein present in 
whole saliva originates from oral microorganisms, 
crevicular fluid, epithelial cells, polymorphonuclear 
leukocytes, and dietary compounds.[12] As salivary 
compounds can undergo changes in the presence of 
oral disease, such as dental caries, this study aimed to 
find the possible association between salivary peptide 
HNP1–3 in children with and without ECC using 
ELISA.

Although many studies have identified peptides in 
saliva,[6‑8,12,14,21] very few studies have associated 
salivary peptides and caries experience,[6,12,14,21] 
and of these, only two studies have investigated its 
relationship with ECC.[12,21]

Previous studies have reported the collection of 
unstimulated saliva for peptide analysis and stimulated 
saliva for microbial analysis, as stimulated saliva 
removes even the plaque present on the tooth surface 
which will help in microbial analysis.[12] In the present 

Table 1: Comparison of mean salivary peptide levels of human neutrophil defensin 1‑3 in children with 
and without early childhood caries
Variable Group n Mean (ng/ml)±SD t P
Salivary peptide 
HNP1‑3

Group 1 (with ECC) 43 1.44±0.87 6.920 <0.001
Group 2 (without ECC) 43 6.04±4.24

HNP: Human neutrophil defensin; ECC: Early childhood caries; SD: Standard deviation
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On the contrary, Fonteles et al.[13] had reported the 
presence of free proline, a free amino acid, which 
increased the risk of ECC. Similarly, Dunsche et al.[10] 
observed the higher salivary concentration of HNP‑1 
in patients with oral diseases such as lichen planus, 
leukoplakia, and squamous cell carcinoma in contrast 
to healthy individuals. Mumcu et al.[15] identified the 
increase in salivary HNP1–3 in children with Behcets 
disease. The large variation in the concentration of 
α‑defensins in saliva could be due to polymorphism 
in sequence and copy numbers in the gene encoding 
these peptides.

In the present study, even though there is an increase 
in the mean salivary peptide HNP1–3 level in males 
than in females, it was not statistically significant.

In general, a sexual dimorphism has been reported 
in immune function, with females being more 
“immunocompetent” than males.[22] Srivastava et al. 
also reported higher gene expression in females related 
to age in human parotid gland.[23] In the literature, no 
data exist on differences in salivary peptide HNP1–3 
levels between males and females.

There are no other studies in literature comparing the 
salivary HNP1–3 levels in children with and without 
ECC based on the age. However, few studies have 
associated salivary peptides and caries experience 
in adolescents and young adults. Gornowicz et al.[24] 
reported a decrease in salivary peptide in young adults 
with caries when compared to those who were 
caries free. However, in the present study, there is 
no significant difference in mean salivary peptide 
HNP1–3 level in both the groups based on age.

The prediction of caries risk has been of long‑standing 
interest and is very important for the development of 
new preventive strategies for caries. This is especially 
significant for young children and for children with 
special health‑care needs.[21] Saliva is an easily 
available fluid which can be collected noninvasively 
and used to measure and monitor the risk for caries. 
The assay for HNP1–3 is easy to perform and can 
be done in <1 ml whole saliva. Based on the present 
study, the inverse correlation of HNP1–3 with caries 
experience suggests its possible protective effect. 
Conversely, low levels of HNP1–3 may result in 
increased susceptibility to caries.

However, further studies with large sample size are 
required to confirm the correlation of salivary peptide 
level and the caries susceptibility and to consider it as a 
valuable biomarker for predicting and preventing ECC.

Table 3: Intergroup comparison of mean salivary 
peptide levels of human neutrophil defensin 1‑3 
based on gender in children with and without early 
childhood caries
Group Gender n Mean peptide 

(ng/ml)±SD
t P

Group 1 Male 22 1.517±1.010 5.54 <0.001
Group 2 22 6.632±4.209
Group 1 Female 21 1.416±0.728 4.21 <0.001
Group 2 21 5.415±4.288

SD: Standard deviation

Table 4: Intragroup comparison of mean salivary 
peptide level of human neutrophil defensin 1‑3 
based on the age of children with and without early 
childhood caries
Group Age n Mean peptide 

(ng/ml)
SD F P

Group 1 (with 
ECC)

3 2 1.310 0.179 0.502 0.683
4 7 1.835 1.621
5 18 1.437 0.820
6 16 1.361 0.495

Total 43 1.467 0.874
Group 2 
(without ECC)

3 4 6.046 4.857 0.086 0.968
4 7 5.520 3.745
5 22 6.344 4.500
6 10 5.722 0.495

Total 43 6.038 0.874

ECC: Early childhood caries; SD: Standard deviation

Table 2: Intragroup comparison of mean salivary 
peptide levels of human neutrophil defensin 1‑3 
based on gender in children with and without early 
childhood caries
Group Gender n Mean peptide 

(ng/ml)±SD
t P

Group 1 (with 
ECC)

Male 22 1.517±1.010 0.374 0.710
Female 21 1.416±0.728

Group 2 
(without ECC)

Male 22 6.632±4.209 0.939 0.353
Female 21 5.415±4.288

ECC: Early childhood caries; SD: Standard deviation

study, unstimulated saliva was collected for the assay, 
which is in accordance with Ribeiro et al. who stated 
that children displayed uncooperative behavior on 
collecting stimulated saliva.[12]

The results of the present study suggest that the mean 
salivary peptide level of HNP1–3 was significantly 
less in children with ECC (1.44 ng/ml) when 
compared to those without ECC (6.04 ng/ml). This is 
in accordance with studies done by Tao et al.[14] and 
Ribeiro et al.,[12] where the levels of HNP1‑3 were 
significantly high in caries‑free individuals when 
compared to children with ECC.
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In addition, future studies could be done by synthesizing 
specific peptides with protective properties and adding 
to dental materials, toothpastes, topical fluorides, 
chewing gums, and other preventive products or may 
be used independently providing anticariogenic effect.

CONCLUSION

Within the limitations of this study, the following 
conclusions can be drawn:
• The mean salivary peptide HNP1–3 level was 

significantly lower in children with ECC when 
compared to children without ECC

• The mean salivary peptide HNP1–3 level was 
slightly high in males when compared to females 
within each group, which was not statistically 
significant. The mean salivary peptide HNP1–3 
level was less in children with ECC for both the 
genders when compared to children without ECC, 
which was statistically significant

• The mean salivary peptide HNP1–3 level did not 
show any significant difference based on their 
age within the group. The mean salivary peptide 
HNP1–3 level was statistically lower in children 
with ECC for all age groups except for 3‑year‑old 
children, which was statistically significant.
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