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ABSTRACT

Background: In saliva, neutrophil constitutes the most prominent first-line defense of immune
cells against pathogenic microbes.The importance of neutrophils to the host immune systems of
neutropenic or patients disabled with regard to their neutrophil function results in a tendency
toward serious infections, such as early childhood caries (ECC).The cytoplasmic granules present
in neutrophils play a major role in neutrophil-mediated inflammation. Azurophilic granules contain
antimicrobial proteins, such as defensin, a human antimicrobial peptide (HNP [-3).The aim of this
study is to analyze the correlation of HNP |-3 secretion with CD63 expression on the surface
of salivary neutrophils.

Materials and Methods: This study constituted a cross-sectional, analytical observational study.
Saliva taken from preschoolchildren between the ages of 4-6 years who had been divided into
two groups, i.e., early childhood caries group with decayed, extracted, filled teeth (def-t) index >6
and caries free with def-t = 0, was subjected to a HNP |-3 secretion test using ELISA assay and an
expression test for CD63 by means of a flow cytometry test. The results obtained were analyzed
using independent t-test and Pearson correlation (P < 0.05).

Results: The secretion of HNP 1-3 in the saliva of ECC was higher (172.6 + 41.64) compared to
that of caries-free cases (140.39 + 31.91), whereas the level of CD63 salivary expression in ECC
was lower (2.32 £ 0.57) than in the presence of caries (2.67 * 0.46).

Conclusion: In ECC cases, saliva increases HNP |-3 secretion but decreases CD63 expression
on the surface of salivary neutrophils.
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between the incidence of caries and the substantial

INTRODUCTION

Tooth caries is a chronic disease possibly afflicting
the erupted teeth of preschool-age children, which can
cause pain and even death.lV Streptococcus mutans is
a cariogenic bacterium and a predominant etiological
factor in the incidence of tooth caries, which is found
in large quantities in biofilm environments. Causality
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number of S. mutans has been demonstrated by
several studies confirming caries development to have
been preceded by S. mutans colonization,? while
others suggested that salivary levels of S. mutans are
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an indication of caries progressivity, as confirmed
by Luthfi et al. who showed that S. mutans level
in caries-free children is lower than those in caries
children with decayed, extracted, filled-teeth (def-t)
index >6.14

In saliva, neutrophil is the prominent first-line defense
of immune cells against pathogen microbes, which is
proven by the identification of several severe diseases
in human due to the dysfunction of neutrophil or due
to the disturbance of its level as found in neutropenia
cases.l”

Neutrophil, as a defense against the inflammation
mediator secreted by the microbes, performs
chemotaxis and phagocytosis and eliminates the
microbes by releasing human antimicrobial peptides
(AMPs) (HNP 1-3) as nonoxidative antibacterial
mechanism.®

Neutrophil consists of three main granules and
azurophilic being one of those which contains HNP
1-3 secreted in saliva from gingival crevicular fluid
as antimicrobial defensin.”” HNP 1-3 has a protective
role against oral pathogen microbes by controlling
the biofilm formation, which effectively prevents the
occurrence of oral infection and defending the tooth
structure against caries.®

HNP 1-3 secretion occurs as the consequence of
neutrophil activation that leads to the degranulation
of azurophilic granules which can be detected in
CD63 markers on the surface of neutrophil. CD63
is a membrane protein largely found in azurophilic
granules which plays a role in controlling the
quality of antimicrobial protein.”’ To gain additional
information from this perspective, the correlation
between CD63 expressions on the surface of salivary
neutrophil with HNP 1-3 secretion in early childhood
caries (ECC) was analyzed.

MATERIALS AND METHODS

Experimental design

This research represented a  cross-sectional,
analytical observational study conducted on healthy,
preschool-age children both male and female aged
between 4 and 6 years with or without caries. The
exclusion criteria of this research were children with
or without caries below 4 years and above 6 years,
children with blood and saliva disorders, children
under antibiotic and corticosteroid medication which
can suppress immune response, and children with

erupted permanent teeth. This research was approved
by the Ethical Committee of Universitas Airlangga
with Laic Ethic No. 01/KKEPK/VII/2013. Informed
parental consent was acquired before the sampling
being conducted.

This study incorporated the use of random sampling
of 4—6-year-old students from four Surabaya-based
kindergartens. This age group was selected
considering their caries-susceptible condition as the
immune response functions have not been optimal
yet in eliminating pathogen microorganism, resulting
in the high prevalence of caries. Assessments of the
dental caries were conducted in forty students by one
dentist using disposable mouth mirrors for indirect
vision and torchlight and performed by measuring
the def-t. Dental explorer was used to confirm visual
evidence of caries on the teeth surfaces. During the
examination, the children were seated on a chair,
across the examiner and two assistants, who sit close
to the examiner to record the data and prepare the
equipment. The participants were subsequently divided
into two groups based on the def-t index: a caries-free
group (def-t = 0) and an ECC group (def-t > 6).

Isolation of salivary neutrophils

Salivary neutrophils were obtained from participants
by rinsing their oral cavities with 10 mL of sterile
and 1.5% NaCl solution while they gargled without
swallowing for 30 s before expectorating the resulting
fluid into a sterile glass — a procedure repeated four
times. The collected solution was centrifuged (15 min
at 450 g) at 4°C and the pellets then mixed with
2 mL of Roswell Park Memorial Institute medium.
An EasySep™ Human Neutrophil Enrichment Kit
(STEMCELL Singapore PTE Ltd., Singapore) was
used to isolate salivary neutrophils. Cell suspension
with a concentration of 5 x 107 cells/mL was placed
in 5 mL (12 mm % 75 mm) polystyrene round-bottom
tube with 50 uL/ml of EasySep® neutrophil cell
cocktail subsequently being added. The resulting
mixture was incubated at 4°C for 10 min. Three Mix
EasySep® nanoparticles were then used by pipetting
up and down more than five times. Thereafter, 2 mL
of cells was added to 200 puL of nanoparticles, mixed,
and incubated at 4°C for 10 min. 2.5 mL of the cell
suspension was then placed in the tube (without a
cap) with a magnet, mixed, and incubated for 5 min
at room temperature. At the next stage, the EasySep®
magnet was removed in one continuous motion.
The tube remained inverted for 2-3 s before being
returned to the upright position. The empty tube was
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subsequently removed from the EasySep® magnet,
replaced with a new tube containing supernatant
fraction, placed on the magnet, and left to stand for
5 min. Isolated cells in the new tube were, at that
point, ready for use.

Determination of human neutrophil peptide
1-3 secretion

Saliva samples were analyzed using an ELISA kit
(Hycult Biotech, Uden, Netherlands) to determine
the extent of HNP 1-3 secretion. Samples were
diluted at least five times with sample dilution buffer
in polypropylene tubes. About 100 uL of duplicate
standard and samples were added to the well, covered,
and incubated for 1 h at room temperature. The plates
were then washed four times with a wash buffer
using a plate washer. About 100 uL of diluted tracer
was added to each well, covered, incubated for 1 h
at room temperature, and washed four times. About
100 puL of diluted streptavidin—peroxidase was added
to each well, with the tray being subsequently covered,
incubated for 1 h at room temperature, and washed
four times. About 100 uL of TMB substrate was
added to each well, with the tray being subsequently
covered, incubated for 30 min at room temperature,
and covered again with aluminum foil. About 100 ul
of stop solution was added to stop the reaction with
the solutions in the wells being thoroughly mixed by
gently swirling the plate. The plate was read within
30 min after the addition of stop solution at 450 nm
using a plate reader.

Flow cytometry examination to detect CD63
expression on salivary neutrophil

Isolated cell suspension from the NaCL 1.5% rinse
was inserted into the microtube containing 500 ul
of phosphate buffered saline (PBS), before being
centrifuged at 2500 rpm for 5 min at 4°C. Acquired
pellets were then stained using 50 ul of conjugated
BioLegend antihuman o-CD63FITC, and BioLegend
o-PIPE (BioLegend, San Diego, USA) conjugated
antibodies at a ratio of 1:200 to PBS.

Stained cells were stored at a temperature of 4°C for
30 min before the suspension was added to 1 ml of
PBS and recentrifuged for 5 min. About 100 ul of
BioLegend Cytofix Cytoperm (BioLegend, San Diego,
USA) was added to the pellets and homogenized.
After incubation in a darkened environment at 4°C for
20 min, 1 ml BioLegend Washperm 1X (BioLegend,
San Diego, USA) was added and the suspension was
recentrifuged at 2500 rpm for 5 min. With the addition

of conjugated BD antihuman o-CD64PerCP (Becton
Dickinson, New Jersey, USA) as an intracellular
antibody in the pellets, the suspension was placed into
a flow cytometry cuvette with 300 ul PBS which was
then attached to the nozzle to be analyzed by means
of an FACSCalibur flow cytometer BD (BioSciences,
San Jose, USA).

The neutrophil gate was identified by density and
size using side-angle light scatter followed by
forward-angle light scatter. This compensation was
reached by means of fluorescein isothiocyanate
(FITC) and phycoerythrin (PE) labeled with
individual antibodies. The results were presented
as mean fluorescence intensity and analyzed using
FACSCalibur (Becton Dickinson, New Jersey, USA)
with a program, CellQuest software.

Statistical analysis

The results were listed as the mean =+ standard
deviation. All statistical analyses were performed
using SPSS 20 (IBM, New York, USA). The statistical
difference was analyzed by #-test. Correlation analyses
were performed using Pearson correlation with
P < 0.05 being considered to be significant.

RESULTS

CD63 expression was detected using flow cytometry
[Figure 1]. Both salivary HNP 1-3 level and activated
salivary neutrophil (CD64) which expressed CD63
were analyzed using ¢-test and showed a significant
difference in HNP 1-3 level between the caries-free
group and the ECC group as shown in Tables 1 and 2.

Table 1: Mean and standard deviation human
neutrophil peptide 1-3 level in the saliva of
preschool-age children who were caries free and
with early childhood caries (pg/ml)

Group n Mean+SD 95% CI P
Free caries 20 140.39+31.91 125.45-155.45 0.009
ECC 20 172.6+41.64 153.27-192.25 (P<a)

SD: Standard deviation; ECC: Early childhood caries; Cl: Confidence interval

Table 2: Mean and standard deviation activated
salivary neutrophil (CD64) which expressed CD63
in saliva in preschool-age children who were
caries free and with early childhood caries (%)

Group n Mean+SD 95% CI P
Free caries 20 2.67+0.46 2.37-2.96 0.009 (P<a)
ECC 20 2.32+0.57 1.96-2.68

SD: Standard deviation; ECC: Early childhood caries; Cl: Confidence interval
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Figure 1: Activated salivary neutrophils (CD64), which expressed CD63 in saliva, detected by flow cytometry in preschool-age
children who were caries free (a) and with early childhood caries (b).

The correlation between CD63 expression in the
salivary neutrophil surface and HNP 1-3 secretion
in the saliva of caries-free children is found to be
stronger than their correlation in ECC children as
shown in Table 3.

DISCUSSION

Saliva is an important element in the prevention
of caries. Salivary proteins have a potential role
in inhibiting caries development as a result of
the AMPs, such as HNP 1-3, human [-defensins
1-3, cathelicidin (LL-37), and histatin, which it
contains. These peptides demonstrate broad-spectrum
antimicrobial activity and are derived from several
sources, including salivary gland acini and ducts, oral
mucosa epithelial, and neutrophils. In the oral cavity,
defensin and LL-37 have considerable potential to
inhibit various strains of bacteria, while histatin acts
as an antifungal agent.['”

Microbial infection in oral mucosa induces an
extensive number of AMPs, including defensin, which
does not merely act as antibiotics but also carries out
immunomodulatory activity ranging from the innate
to the adaptive.'! Innate immunity is the primary
defense system against the infection by detecting
the component of the microbes, such as LTA, which
is found in the cell wall S. mutans, through toll-like
receptors. This leads to the activation of complex
cell signaling network and results in the production
of various effector molecules, including HNP 1-3,
which regulates the host immune response.'” HNP
1-3 can increase the innate immunity by stimulating

Table 3: Correlation test of CD63 expression and
human neutrophil peptide 1-3 secretion in saliva in
preschool-age children who were caries free and
those with early childhood caries

Independent Dependent Group R? B P
variable variable
HNP 1-3 CD63 Free caries 0.919 50.918 <0.0001

ECC 0.882 69.808 <0.0001
HNP 1-3: Human neutrophil peptide 1-3; ECC: Early childhood caries

pro-inflammatory response through increasing the
mobilization of neutrophil to the infection area,
generating reactive oxygen species, facilitating the
phagocytosis process, and inducing pro-inflammatory
cytokine.!'?!

This research confirmed that HNP 1-3 levels in ECC
were higher than those in caries-free situations. This
finding challenged the study conducted by Tao et al.
which stated that salivary HNP 1-3 levels in children
with active caries are proven to be lower than those
in their caries-free counterparts.'¥ This difference
was possibly due to the age range of the participants
observed by Tao et al being approximately
11-15 years since different age groups would present
contrasting immune response maturity levels. Age
variation plays an important role in immune response
regulation. Children and the elderly are more prone
to infection than other age groups.!"”) Immune cells in
adults showed a stable state in protein serum.!'! As
this research was conducted in Indonesia while that
of Tao et al. was carried out in the USA, it was
undoubtedly that a different genetic and demography
environment would affect the immune response

Dental Research Journal / Volume 16 / Issue 2 / March-April 2019-




Luthfi, et al.: Correlation between HNP 1-3 secretion and CD63

maturity of each individual. Genetic factors known
to be predisposing factors of infection, for instance,
immunodeficiency = manifestation are  possibly
caused by an heredity-specific immune system.!!”]
Environmental factors also play a role in affecting the
development and regulation of the immune system.!'®]

The high level of HNP 1-3 in ECC demonstrated
that it could not protect the host from S. mutans
virulence, probably because the cariogenicity of the
S. mutans strain contained in the saliva of ECC was
more pronounced than in the caries-free research
participants. To induce an infection, bacteria must
demonstrate resistance to AMP, as found in S. mutans.
S. mutans is Gram-positive bacteria which could
inhibit the intrusion of HNP 1-3 as its cell wall
consists of a thick peptidoglycan crosslinking with
LTA polymer, to prevent the AMP activation.['”]

Neutrophil consists of three main granules which
act as nonoxidative antimicrobials: primary granules
(azurophilic granules), secondary granules (specific
granules), and cytoplasmic antimicrobial protein.
Antimicrobial substances found in primary granules
include: defensin (known as HNP 1-3), elastase,
collagenase, proteinase, myeloperoxidase, lysozyme,
bacterial permeability factor, and cathepsins.
Secondary granule proteins include lysozyme,
lactoferrin, and collagenase.?” These granules interact
with phagocytic vesicles resulting in the release of its
contents into phagosomes with engulfed microbes.!

Neutrophil is the first innate immunity cell to be found
in the infection site as a response to the pathogen
microbes. This cell was recruited to opsonize the
bacteria through Fc-gamma receptors and C-type,
which results in phagosome formation and the release
of various antimicrobial proteins and intracellular
enzymes.??

Based on the results of this study, the expression level
of CD63 in ECC children was found to be lower than
that in caries-free children. This could happen because
S. mutans 1is internalized by neutrophils through a
phagocytosis process mediated by FcaR (CD89) or
CR1 (CD35) which facilitates the development of
three defense mechanism strategies to avoid being
phagocytosed. These include escaping from host
phagosome, blocking the phagosome-lysosome fusion,
and promoting some form of mechanism which allows
itself to live in the phagolysosomes.*

Lysosome-associated membrane protein-2 has an
important role as innate immunity to protect the

oral cavity by preventing biofilm formation.?*
LAMP-2 may be involved in lysosome biogenesis
as the final process of phagocytosis and required in
phagosome maturation. A study by Beertsen et al.
showed that LAMP-2 deficiency leads to insufficient
maturation and antimicrobial activity of phagosome
that increases susceptibility to oral cavity infection.**
The low expression of CD6 in ECC-affected children
possibly occurred because of LAMP-2 deficiency
as this condition was found in mice with LAMP-2
deficiency-induced periodontitis. 2426

The higher level of salivary HNP 1-3 found in
ECC children compared to those who are caries
free showed a contrasting result to that of CD63
expression, considering that CD63 is an azurophilic
granule marker which produces HNP 1-3. One
possible explanation is that HNP 1-3 secretion
contained in saliva is not only produced by salivary
neutrophil but also by oral mucosa epithelial cells,
specifically mandibular salivary duct epithelial
cells." During the caries infection caused by S.
mutans, the host will increase HNP 1-3 production
by epithelial cells and salivary neutrophil cells,
resulting in high levels of HNP 1-3 in the saliva
of ECC children compared to that of caries-free
children. High levels of HNP 1-3 have been
proven incapable of killing potentially mutated and
HNP 1-3-resistant S. mutans pathogens.*” It is
also possible that the virulent S. mutans possesses
PhoP-PhoQ homolog, as found in Gram-negative
bacteria, which enables S. mutants to survive high
levels of HNP 1-3.281 S, mutans also a Gram-positive
bacterium which is able to change and modify
its cell wall consists of teichoic acids to be more
virulent and resistant to antimicrobial component
and immune response activation.[?3%

CONCLUSION

There is a reverse correlation between HNP 1-3 secretion
in saliva and CD63 expression on the surface of salivary
neutrophil of ECC children proven by the increase of
HNP 1-3 secretion, while the expression of CD63 was
found to decrease. This finding could be used to develop
a potential early detection assessment of caries risk in
children to advance the caries prevention strategies in
the Southeast Asia population.
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