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Abstract
Saliva and polymorphonuclear leukocytes (PMNs) are both important players in the 
innate defense of the oral cavity, but little is known of the effect of saliva on PMN 
function. In this study, we investigated the effect of saliva on the adhesion of Fu-
sobacterium nucleatum and Candida albicans to human granulocytic-differentiated 
HL-60 cells.

The adhesion of FITC-labeled F. nucleatum and C. albicans to HL-60 cells was per-
formed in solution in the presence of clarified human whole saliva (CHWS) or parotid 
saliva, followed by flowcytometric analysis.

In the presence of saliva, the adhesion of C. albicans to HL-60 cells was enhanced, 
while the adhesion of F. nucleatum was inhibited. The adherence of C. albicans 
was higher to CHWS and parotid saliva-treated HL-60 cells than to untreated cells. 
Adherence of F. nucleatum was lower to CHWS-treated HL-60 cells. Pretreatment of 
C. albicans with CHWS enhanced the adherence to HL-60 cells. Pretreatment of F. 
nucleatum with saliva did not affect the adhesion of F. nucleatum to HL-60 cells. The 
peptide statherin inhibited the adhesion of F. nucleatum to HL-60 cells, but did not 
affect the interaction between C. albicans and HL-60 cells.

In conclusion, we found that saliva modulates the adhesion of oral microorgan-
isms to HL-60 cells in different ways. Statherin inhibits the adhesion of F. nucleatum 
to HL-60 cells, but another protein enhances the adhesion of C. albicans to HL-60. 
Perhaps different proteins contribute to enhanced or inhibited microbial adhesion 
to PMNs.
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Introduction
The oral cavity is in direct contact with the external environment and is continuously chal-
lenged by microorganisms. Therefore, it is important to have an effective defense to protect 
the human body against potential pathogens. For its defense, the oral cavity depends on 
both the acquired and innate immune system. The acquired immune system develops by 
interacting with pathogens and is present in the form of IgA.  The innate immune system 
faces and kills pathogens without previous interactions and has an immediate response 
against invading pathogens (Fabian et al., 2012; Riera Romo et al., 2016). Both saliva and 
polymorphonuclear leukocytes (PMNs) play a role in the protection of the oral cavity 
against microbial threats. Saliva contains a range of components which counteract the 
microbial colonization either directly, by killing microorganisms, or indirectly, by binding 
to microorganisms. The microbicidal action of neutrophils, the most abundant leukocytes 
in humans, involves recognition of specific molecular structures on the bacterial cell wall 
by, for example, Toll-like receptors on the neutrophil. Microorganisms are killed by PMNs in 
various ways, such as the formation of nuclear extracellular traps, the formation of reactive 
oxygen species, degranulation, and phagocytosis (Mayadas et al., 2014). When PMNs are 
diminished or completely absent, infections increase, for example with Candida (Horn et 
al., 2009; Netea et al., 2015; Uzun & Anaissie, 2000). This is also underscored by the inverse 
relationship between the number of PMNs in blood and the counts of Streptococcus spp., 
Staphylococcus spp., Lactobacillus spp., and Actinomyces spp. in saliva (Majda-Stanislawska 
& Krzeminski, 1998; Tsuda et al., 2000).

In the oral cavity, PMNs and microbes interact in a saliva matrix, yet little is known about 
the effect of salivary constituents on the phagocyte-microbe interaction. Incubation of PMNs 
with saliva enhanced the number of cells that bound to serum-opsonized Candida albicans 
(Sela et al., 1981). It is not known however, to what extend saliva influences the interaction 
between PMNs and C. albicans cells that have not been pretreated with serum, a situation 
which is more relevant for the oral cavity. Another study found that carbohydrates inhibit the 
interaction between Fusobacterium nucleatum and PMNs (Mangan et al., 1989). A number 
of salivary glycoproteins, including MUC5B, MUC7, and salivary agglutinin, could potentially 
interfere with the phagocyte-microbe interaction by blocking cognate receptors on the bac-
terial surface (Issa et al., 2010; Karlsson & Thomsson, 2009; Thomsson et al., 2005).

The aim of the present study was to explore in vitro the effect of saliva and individual 
salivary proteins on the interaction between PMNs and a number of oral microorganisms, 
including C.albicans, F. nucleatum, Streptococcus mutans and Staphylococcus aureus.
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Materials and Methods

Isolation of polymorphonuclear leukocytes

Peripheral blood was collected by venipuncture from healthy adult volunteers. Volunteers 
were either patient at the dental school or non-dental personnel. All subjects presented 
were without any history of pathologic conditions that are known to systemically affect 
PMN functionality (such as antibiotics use within the last 6 months, recent history of illness 
of fever, hematological disorders, diabetes mellitus, allergies, alcoholism and pregnancy). 
All subjects were informed about the purpose of this study, received written information 
and had given written consent prior to the start of this study. The study protocol was ap-
proved by the Medical Ethical Committee of the VU University Medical Center.

Blood samples were collected into a 9 ml sodium heparin collection tube (BD Vacutainer™, 
Breda, The Netherlands) and maintained at room temperature. Blood samples were 1:1 
diluted with phosphate-buffere saline (PBS) containing 1 % trisodium citrate, pH 7.4 and lay-
ered on top of 15 ml Lymphoprep™ (Axis-Shield, Oslo, Norway). The tubes were centrifuged 
without brake, at 800 RCF, for 30 minutes at 20 °C. The red cell layer, containing granulocytes 
and erythrocytes, was harvested and subsequently the erythrocytes were lysed in NH4Cl 
solution (155 mM NH4Cl, 10 mM KHCO3, 0.1 mM EDTA at pH 7.4). After 15 minutes of incuba-
tion on ice, samples were centrifuged at 400 RCF for 5 minutes at 4 °C. Subsequently, the 
erythrocytes lysis step was repeated once before the samples were washed and resuspended 
in PBS (Gibco®, Paisley, UK). Freshly isolated PMNs were used for experiments.

Membrane integrity

Cell membrane integrity of cPMNs was analyzed using the BD PharmingenTM FITC Annexin 
V Apoptosis Detection Kit (BD Biosciences, San Diego, CA, USA). In addition, membrane-
impermeable propidium iodide (PI), which is able to bind DNA, was added.  cPMNs were 
incubated with either CHWS (A), saliva buffer (B) or PBS (C) at room temperature. After 60 
min or 120 min incubation, samples were centrifuged at 500 RCF for 10 minutes at 4 °C and 
resuspended in 50 µl PBS. The cell suspension was incubated for 15 minutes in the dark 
with 2.5 µl FITC-Annexin V and 2.5 µl PI.   200 µl Annexin V binding buffer (0.01 M HEPES/
NaOH pH 7.4, 0.14 M NaCl, 2.5 mM CaCl2) was added to the mixture prior to flowcytometric 
analysis (BD AccuriTM C6 flow cytometer, BD Biosciences).

HL-60 cells culture and differentiation

The human promyelocytic HL-60 cell line was maintained in RPMI-1640 medium (Gibco), 
supplemented with 10 % fetal calf serum, antibiotic-antimycotic solution (200 U/L penicil-
lin, 0.2 mg/L streptomycin, 0.5 μg/L; Sigma-Aldrich, St. Louis, MO) in 5 % CO2 humidified air 
at 37 °C. Granulocytic differentiation was induced by culturing HL-60 cells at a density of 2 x 
105 cells/ml in the presence of 1.25 % dimethyl sulfoxide (Sigma) for 5–7 days, as previously 
described (Ruhl et al., 2000).
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Culture and FITC-labeling of microorganisms

Fuscobacteriumnucleatum (ATCC 10953), Candida albicans 315 (ATCC 10231) and Strepto-
coccus mutans Ingbritt were cultured in Brain Heart Infusion (BHI), Staphylococcus aureus 
was cultured in Tryptic Soy Broth (TSB). F. nucleatum and S. mutans were grown anaerobi-
cally at 37 °C,  S. aureus was grown aerobically at 37 °C, and C. albicans aerobically at 30 
°C until OD600 = 1 was reached. Microorganisms were washed in PBS and suspended to 109 
CFU/ml in carbonate buffer (pH 9.4) with 100 µg FITC (Sigma)/ml for 30 min in the dark. 
After labeling, microorganisms were washed with PBS and resuspended in RPMI-HEPES 
(Gibco) to a concentration of 5 x 107 CFU/ml. Aliquots of the FITC-labeled microorganisms 
were stored at -80 °C until use.

Saliva samples and salivary proteins

Saliva was obtained from healthy donors, aged 25–63, with informed consent. Whole saliva 
was collected without stimulation, homogenized on a Vortex mixer for 1 min and centrifuged 
(10,000 g, 10 min). The supernatant was transferred to a new tube and mentioned clarified 
human whole saliva (CHWS). Parotid saliva was collected with a Lashley cup under stimulation 
of chewing menthol chewing gum.  Saliva samples were stored in aliquots at -20 °C until use.

Statherin was synthesized with solid-phase peptide synthesis using Fmoc chemistry with 
a MilliGen 9050 peptide synthesizer (Milligen-Biosearch, Bedford, MA, USA) and purified by 
RP-HPLC as previously described (Bikker et al., 2002; Leito et al., 2008).

Adhesion assay

HL-60 cells (2.5 x 105) were incubated with microorganisms (1.25 x 106) in 125 µl RPMI-HEPES 
(Gibco), supplemented with 125 µl saliva or saliva buffer (2 mM potassium phosphate, 50 
mM KCl, 1 mM CaCl2, 0.1 mM MgCl2 pH 6.8), for 30 min at 37 °C while shaking. Samples were 
centrifuged and resuspended in ice-cold stop buffer (PBS supplemented with 1 % bovine 
serum albumin, 0.5 % paraformaldehyde, and 20 mM NaF) (Brouwer et al., 2008). Adhesion 
was analyzed by flow cytometry (BD Accuri, BD Biosciences, San Jose, CA, USA) and mea-
sured as the mean fluorescence intensity or the percentage of FITC-positive HL-60. In some 
experiments, HL-60 cells (2.5 x 105) were pre-treated with 125 µl saliva and 125 µl RPMI, for 
30 min at 37 °C while shaking and then washed with PBS. HL-60 cells were suspended in 
250 µl RPMI-HEPES with microorganisms and experiments continued as described above.

Statistics

Data from the adhesion of microorganisms to HL-60 assays were analyzed by Prism 5.0 and 
are presented as mean ± SEM. Significant differences between results were estimated with 
one-way analysis of variance. Differences were considered significant when the p-value 
was <0.05.
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Results

Saliva does not affect the viability of PMNs

The effect of saliva on PMN cell membrane integrity was studied. Two subgroups were 
distinguished using the double-staining approach with FITC-tagged Annexin-V and prop-
idium iodide (PI): non-apoptotic/early apoptotic PMNs with intact plasma membranes 
(PI-negative, PI-) and late apoptotic/necrotic PMNs with compromised plasma membranes 
(PI-positive, PI+). Flowcytometric analysis showed that 95.4 % ± 3.5 of the PMNs without 
incubation was PI- (Figure 1). No significant differences were found between CHWS, saliva 
buffer or PBS incubations. These results suggest that saliva does not affect the viability of 
PMNs.

Saliva modifies the adhesion of microorganisms to HL-60 cells

We investigated the effect of saliva on microbial adhesion to HL-60 cells when incubating 
simultaneously with microorganisms and HL-60 cells. An example of a scatter pattern is 
shown in Figure 2. Compared to saliva buffer, in the presence of both CHWS and parotid 
saliva, the percentage of C. albicans-adhering HL-60 cells enhanced from 20 % to 40 %, 
although not statistically significant (Figure 3A). The percentage of F. nucleatum-adhering 
HL-60 was significantly lower in the presence of saliva. CHWS had a more inhibiting effect 
than parotid saliva (Figure 3B). Incubating saliva simultaneously with HL-60 cells and either 
S. aureus (Figure 3C) or S. mutans (Figure 3D), hardly affected the interaction between HL-
60 cells and the bacteria. These results show that the effect of saliva on the interaction 
between HL-60 cells and microorganisms depends on the microorganism.

The adhesion of microorganisms to saliva-treated HL-60 cells

To investigate the effect of pretreatment of HL-60 cells with saliva on the interaction with 
microorganisms, HL-60 cells were incubated with CHWS or parotid saliva, washed, and 

  















 


 

  




Figure 1. Propidium iodide assay. 
The percentage of non-apoptotic or necrotic PMNs (PI-) in the presence of CHWS, saliva buffer or PBS after 60 and 
120 min are shown. Results represent the mean ± SD of 4 samples.
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incubated with C. albicans or F. nucleatum. C. albicans adhered to a higher percentage of 
HL-60 cells pretreated with CHWS (30 %) or parotid saliva (40 %) than HL-60 cells pretreated 
with saliva buffer (Figure 4A). F. nucleatum adhered to a lower percentage of HL-60 cells pre-
treated with CHWS (20 %) than to HL-60 cells pretreated with saliva buffer (35 %, Figure 4B). 
However, pretreatment with parotid saliva did not have any effect on the percentage of F. 
nucleatum-adhering HL-60 cells.

The effect of statherin on the interaction between HL-60 cells and microorganisms

The finding that both CHWS and parotid saliva modulated the interaction between HL-60 
cells and the microorganism C. albicans and F. nucleatum, suggests that the responsible 
protein is a constituent of parotid saliva. We then focused on the salivary peptide statherin, 
which is known to bind both C. albicans and F. nucleatum (Johansson et al., 2000; Sekine et 
al., 2004), and is derived from the parotid gland.  Statherin did not stimulate the adhesion 
of C. albicans to HL-60 cells (Figure 5A). On the other hand, statherin inhibited the adhe-
sion of F. nucleatum to HL-60 cells (Figure 5B). These results suggest that statherin may be 
involved in the inhibition of microbial adhesion to HL-60 cells by saliva.

Discussion
We found that saliva plays a role in the adhesion of oral microorganisms to PMNs or HL-
60 cells. In absence of saliva, C. albicans has a low affinity to PMNs and saliva enhances 
the interaction. F. nucleatum shows a contrasting reaction. F. nucelatum adheres easily to 
PMNs but is inhibited in the presence of saliva.

Both saliva and PMNs are of importance in the innate defense against Candida infections 
(Fidel, 2002). Oral candidiasis is one of the first manifestations of human immunodeficiency 
virus (HIV) infection, which appears long before other symptoms (Fidel, 2006). It is accom-

      F. nucleatum              HL-60 cells               HL-60 + F. nucleatum            HL-60 +  F. nucleatum 
           (+CHWS)                (+CHWS)                     + CHWS 
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Figure 2. An example of flow cytometry scatter patterns of F. nucleatum and HL-60 cells in the 
presence of microorganisms and CHWS. 
Forward scatter is plotted against the fluorescence. R1 excludes loose FITC-labeled microorganisms, R2 includes 
HL-60 cells and microorganisms adhering to HL-60 cells.
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panied by a decrease in number of oral immune cells such as PMNs. Saliva may influence 
PMN function, as the percentage of oral PMNs that can phagocytose serum-opsonized C. 
albicans was higher than the percentage of peripheral blood PMNs that can phagocytose 
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Figure 3. Adherence of C. albicans (A), F. nucleatum (B), S. aureus (C) and S. mutans (D) to HL-60 
cells. 
The percentages of FITC+ HL-60 cells in the presence of saliva buff er, CHWS, and parotid saliva are indicated (left ). 
Results are the mean ± SE of three experiments performed in triplicate. Examples of corresponding histograms 
in fluorescence of HL-60 cells are shown (right). Whereas the black histogram shows the situation aft er incuba-
tion of HL-60 cells with microorganisms and saliva buff er, the red one shows the situation aft er incubation with 
CHWS. The grey area indicates FITC+ HL-60 cells. Statistical diff erences were determined using one-way ANOVA 
and Tukey’s post test. *p < 0.05, ***p < 0.001, ns = not significant.
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(Sela et al., 1981). This was mostly achieved by binding via complement receptors. Pre-
treatment of peripheral blood PMNs with saliva also resulted in enhanced adhesion and 
phagocytosis by PMNs. Also, in our study, pretreatment of PMNs with saliva enhanced the 
adhesion of C. albicans to PMN that is not opsonized, suggesting a role for other receptors 
than complement receptors in this adhesion. 

Whereas saliva facilitated the adhesion of C. albicans to HL-60 cells, it inhibited the adhe-
sion of F. nucleatum to HL-60 cells. Parotid saliva showed the strongest stimulating eff ect 
on C. albicans adhesion, while CHWS showed the strongest inhibitory eff ect on F. nuclea-
tum adhesion, which suggests that diff erent proteins are responsible for the contrasting 
eff ects. The peptide statherin may play a role in inhibiting adhesion. Statherin is important 
to protect the teeth. It binds calcium ions and therefore inhibits precipitation of calcium 
phosphates salts and forms a calcium buff er to enhance remineralization. In addition, 
statherin binds to a number of bacterial species, such as Actinomyces spp, Porphyromonas 
gingivalis, and F. nucleatum (Niemi and Johansson, 2004; Gibbons and Hay, 1988) and also 






 







 
























  




 









 







 
























  




 








 

 

Figure 4. Adherence of C. albicans (A) and F. nucleatum (B) to HL-60 cells pre-treated with saliva 
buffer, CHWS, or parotid saliva. 
The percentages of FITC+ HL-60 cells are indicated. Results are the mean ± SE of three experiments performed in 
triplicate. Statistical diff erences were determined using one-way ANOVA and Tukey’s post test. *p < 0.05, **p < 
0.01, ***p < 0.001, ns = not significant.
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to host cells. Although binding to PMNs has not been shown, statherin binds to epithelial 
cells and it is part of the mucosal pellicle (Johansson, 2000; Gibbins et al., 2014). For the 
first time, we show that statherin may hamper the interaction between F. nucleatum and 
PMNs.

Satherin could somewhat inhibit the adhesion of F. nucleatum to HL-60 cells, to a similar 
extent as parotid saliva, although not as strongly as CHWS. The adhesion of F. nucleatum 
to PMNs can also be inhibited by N-acetyl-D-galactosamine, lactose or galactose (Man-
gan et al., 1989). Therefore we speculate that the adhesion could also be inhibited by a 
glycoprotein in saliva. The lower adhesion was found when HL-60 cells were pretreated 
with CHWS, but not when the cells were pretreated with parotid saliva, suggesting a major 
role for a protein found in CHWS. The protein MUC7 is not secreted in parotid saliva, al-
though it is present in CHWS. Binding of MUC7 to peripheral blood PMNs, oral PMNs, and 
F. nucleatum has been shown before (Prakobphol et al., 1999). Therefore, MUC7 could be 
a candidate protein that inhibits the adhesion of F. nucleatum to HL-60 cells by blocking 
recognition sites on either the PMN or F. nucleatum. The inhibition of adhesion to PMNs 
by saliva might hamper the clearance of F. nucleatum, although it could result in lower 
inflammatory responses in the oral cavity. This should be studied more extensively, for 

Figure 5.5 

Figure 5. Adherence of C. albicans (A) and F. nucleatum (B) to HL-60 cells in the presence of 
statherin (20 µM). 
The percentage of FITC+ HL-60 cells and mean fluorescence of HL-60 cells are shown. DMSO was used as control. 
Values are means ± SD of three samples of an independent experiment, which was repeated at least twice. Sta-
tistical differences were determined using one-way ANOVA and Tukey’s post test.  ***p < 0.001.
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example by investigating the effect of saliva in the killing of oral microorganisms by PMNs 
and measuring the inflammatory response.

In summary, we have shown that saliva plays a significant role in the adhesion of mi-
croorganisms to HL-60 cells or PMNs. It depends on the microorganism whether saliva en-
hances or inhibits its adhesion. We suggest that studies investigating PMN-microorganism 
interactions in the oral cavity should also include the effect of saliva.
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