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ABSTRACT 

 
The periopathogen Aggregatibacter actinomycetemcomitans is associated with aggressive 

periodontitis, a severe disease that causes rapid tooth loss among young adolescents. A. 

actinomycetemcomitans produce and secrete leukotoxin a pore forming protein which causes 

death of human polymorphonuclear leukocytes (PMNs) such as neutrophils. PMNs are the 

most abundant leukocyte and have important defence mechanisms such as formation of 

neutrophil extracellular traps (NETs) used to trap pathogens and the release of chemokines, 

such as IL-8. 

 

The aim of the study was to investigate the host-pathogen interaction between PMNs and A. 

actinomycetemcomitans focusing on the role of leukotoxin-induced NET-formation under 

anaerobic conditions. This study has examined the impact of high-leukotoxic JP2-clones and 

low-leukotoxic non-JP2 clones of A. actinomycetemcomitans as well as purified leukotoxin. 

Based on previous studies performed under aerobic conditions, we hypothesized that the high-

leukotoxic clones would induce greater production of NETs than low-leukotoxic clones. A 

second hypothesis was that PMNs stimulated with purified leukotoxin would produce more 

NETs than unstimulated controls. PMNs from healthy donors were infected with A. 

actinomycetemcomitansstrains or stimulated with leukotoxin isolated from high-leukotoxic 

JP2-clones collected from patient samples. NETs were quantified using immunofluorescent 

microscopy and IL-8 release was measured using ELISA. 

 

Our results showed a trend of increased NET-formation during A. actinomycetemcomitans 

infection and an increased NET-formation upon leukotoxin stimulation under both aerobic 

and anaerobic conditions. Untreated PMNs released low basal levels of IL-8 while A. 

actinomycetemcomitans infected PMNs released higher levels under aerobic conditions, 

whereas under anaerobic conditions the results were more uncertain.  
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INTRODUCTION 

Periodontitis is a severe disease that causes loss of periodontal tissues and alveolar bone 

surrounding the teeth. The disease is expressed in different forms depending on the 

progression where a rapid loss is classified as aggressive periodontitis (AgP). AgP can either 

be general or localized (Highfield, 2009) where the debut age for general AgP is less than 30 

years and for localized it is during early adolescences. The prevalence of AgP is different 

between different ethical groups with a range from 0.1% in Europe to 7.6% in Africa 

(Albandar and Tinoco, 2002; Haubek et al., 1997). The onset of disease is also associated 

with familial aggregation and the amount of plaque and calculus are inconsistent with the 

severity of the periodontal tissue destruction (Highfield, 2009; Rylev and Kilian, 2008). 

 

Polymorphonuclear leukocytes 

Polymorphonuclear leukocytes (PMNs) are a part of the innate immune system, where 

neutrophils are the most abundant one and they play an important role in inflammatory 

reactions within periodontal tissues. A clinical example of the importance of PMNs is when 

the loss of PMN function leads to periodontal destruction due to a rare gene defect in chronic 

granulomatous disease (Bianchi et al., 2009; Buduneli et al., 2001). A total number of 1-2 × 

1011 PMNs are produced per day in the bone marrow and more PMNs are generated during 

infection (Savill et al., 1989). The PMNs circulate in the blood system before they are 

recruited into the tissue, where they serve as the first line of defence against invading 

microbes (Kindt et al., 2007). Epithelial cells and resident macrophages in the adjacent tissue 

sense the microbe and release cytokines, proteins that mediate the inflammatory response, and 

chemokines, small proteins that guide the PMNs by a directional movement called chemotaxis 

(Borregaard, 2010). One of these chemokines is the proinflammatory interleukin-8 (IL-8) 

which can also be released by many other cells, such as PMNs and mast cells. Within the 

plasma of patients with periodontitis, IL-8 can stimulate the release of reactive oxygen species 

(ROS) from PMNs through activation of nicotinamide adenine dinucleotide phosphate 

(NADPH) oxidase (Dias et al., 2011). NADPH oxidase is a membrane-bound enzyme 

complex that generates ROS upon an activation by proteinase kinase C (PKC). ROS in turn 

influence many processes including cell signalling and inflammatory responses (Brinkmann et 

al., 2004). In response to release of cytokines and chemokines, blood vessels dilute and 

circulating PMNs start to adhere to the vessel walls, transmigrate through the endothelium 
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and continuing within the tissue to the site of inflammation (Furze and Rankin, 2008; 

Williams et al., 2011).  

 

Neutrophil extracellular traps (NETs) 

Bactericidal functions of PMNs are phagocytosis and degranulation to prevent growth and 

spread of pathogens (Nüsse, 2011; Segal, 2005). Phagocytosis is when PMNs engulf the 

pathogen into the phagosome and digest them by enzymes stored within primary and 

secondary granules whereas degranulation is when PMNs secrete cytoplasmic granules to 

destroy the pathogens in the extracellular matrix (Brinkmann et al., 2004; Kindt et al., 2007). 

A third killing mechanism was discovered in 2004; the generation of neutrophil extracellular 

traps (NETs) which starts when pattern recognition receptors (PRRs) expressed on the cell 

surface recognize pathogen-associated molecular patterns (PAMPs). Upon activation of PKC, 

NADPH oxidase generates ROS leading to the de-condensation of nuclear and mitochondrial 

DNA and mixing with cytoplasmic granules, creating a NET. This suggest that NET-

formation is dependent on oxygen since the activation involves ROS generation. Finally, the 

cytoplasm membrane ruptures and the NETs are released to trap and incapacitate the 

pathogen. This process is suicidal since the cell ruptures in order to trap and incapacitate the 

microbe whereas the cell survives during phagocytosis and degranulation (Brinkmann et al., 

2004). 

 

A. actinomycetemcomitans 

AgP samples from colonized patients in different regions of the world have been examined 

and analyses showed that the gram-negative bacteria A. actinomycetemcomitans is associated 

with AgP (Fine et al., 2006). Though it is an opportunist A. actinomycetemcomitans can 

penetrate the junctional epithelium in healthy individuals and reach the connective tissue and 

serve as a pathogen causing dysbiosis in the microflora (Meyer et al., 1996). This facultative 

anaerobe proliferates in hypoxic or even anoxic biofilm niches created by other microbes and 

uses leukotoxin (Ltx) as its major virulence factor. Ltx lyses white blood cells by forming 

pores in the outer membrane and activates neutrophil degranulation as well as 

proinflammatory responses in macrophages (Johansson, 2011). A direct relation is seen 

between the virulence of different A. actinomycetemcomitans clones and the amounts of Ltx 

they produce. The JP2-clone is a highly virulent clone and belongs to the serotype b strain of 

A. actinomycetemcomitans and high numbers of JP2-carriers has been located in North and 

West Africa (Haubek and Johansson, 2014). In this study we used the HK 1651 strain, a JP2 
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genotype which has an increased expression of Ltx and the NCTC 9710 strain which has a 

low Ltx expression and is a non-JP2 genotype and belongs to the serotype c strain (Spitznagel 

et al., 1991). 

 

Purpose of the study 

The aim of this study was to investigate the host-pathogen interaction between PMNs and A. 

actinomycetemcomitans focusing on leukotoxin-induced NET-formation under anaerobic 

conditions. Considering the hypothesis that NET-formation is ROS and oxygen dependent 

and that the circumstances under which the bacteria grow is either hypoxic or anoxic we 

wanted to study this host-pathogen interaction under anaerobic conditions. 

 

MATERIAL AND METHOD 

Neutrophil isolation 

Blood from healthy donors were layered on Histopaque 1119 (Sigma-Aldrich) as described 

earlier (Ermert et al., 2009). The plasma, erythrocytes and leukocytes were separated by 

centrifugation (800g, 30 min). The leukocytes were collected and layered on a Percoll 

gradient (Amersham). After centrifugation (800g, 20 min) the PMNs were harvested and 

washed with 1 x PBS + 0,5% human serum albumin (HSA) before they were re-suspended in 

Roswell Park Memorial Institute medium 1640 (RPMI-1640) with GlutaMAX supplemented 

with 10 mM Hepes (Life technologies). Viability counted above 90 % was included. 

 

Bacterial culture  

The A. actinomycetemcomitans HK1615 and NCTC9710 strains were cultivated on blood 

agar plates containing Columbia base, hemin and menadione for 2-3 days in 5% CO2 at 37°C. 

Suspensions of the bacteria were prepared in RPMI-1640 and the OD600 was adjusted to 1.0 

corresponding to 109 cells/mL and diluted 10 times in RPMI-1640 before use. To determine 

the leukotoxicity of the strains HK 1651 and NCTC 9710 the lactate dehydrogenase (LDH) 

release was measured as previously described (Claesson et al., 2015). In brief, the LDH-

activity in response to bacteria with multiplicity of infection (MOIs) up to 300, was measured 

in supernatants from phorbol-12-myristate-13-acetate (PMA)-stimulated THP-1 cells. 

Uninfected cells were used as negative control (RPMI-1640). 
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Leukotoxin isolation 

The purified leukotoxin protein was isolated from the culture supernatants of A. 

actinomycetemcomitans HK 1651 as described elsewhere (Johansson et al., 2000). HK 1651 

strains were grown in sterile-filtered peptone yeast extract glucose broth in 5 % CO2 at 37 °C 

(Johansson, 2011). In the beginning of the stationary phase of growth the bacteria were 

pelleted by centrifugation (10,000x g for 10 min) and the received pellet was resuspended in 

20 mM phosphate buffer. To extract outer membrane proteins except Ltx the suspension was 

incubated for 1 h in 48°C under rocking and a second centrifugation (10,000x g for 20 min), 

followed by resuspension in phosphate buffer with 0.3 M NaCl and incubation for 1 h under 

rocking at 48 °C in order to extract the Ltx. After an ultra-centrifugation (100,000x g for 60 

min) the supernatant was collected for separation in a gel filtration and the purified Ltx was 

aliquoted and stored at -80 °C with a concentration of 300 mg/mL. The Ltx aliquots were 

thaw and diluted in RPMI-1640 into a concentration of 500 ng/mL before use.  

 

Aerobic and anaerobic infections and supernatant collection 

Cover slips were added to 24-well plates (BD Falcon tissue culture plate) and pre-treated with 

0.01 % Poly-L-lysine (Sigma-Aldrich) and washed once with PBS before infection. Isolated 

PMNs were suspended (1 x 106) in RPMI-1640 supplemented with 10 mM Hepes and added 

to the prepared 24-well plates (1 x 105 cells/well). The PMNs were infected with A. 

actinomycetemcomitans HK1651 or NCTC9710 at MOI 100 or purified leukotoxin with a 

final concentration of 100 ng/mL. PMNs incubated in the absence of bacteria used as negative 

control (RPMI-1640). PMNs stimulated with 100 nM PMA served as a positive control in 

aerobic conditions. Within the gingival sulcus the human serum can protect the A. 

actinomycetemcomitans leukotoxin from degradation (Johansson et al., 2001). Thus, 2 % 

heat-inactivated fetal calf serum (FCS) (Gibco) was added in each well to protect the 

leukotoxin from proteases released by the stimulated PMNs. The FCS was treated at 56 °C in 

30 min, stored in aliquots at -80 °C and the aliquots were thaw before use. The plates were 

incubated in 37 °C for 3 hours. Anaerobic infections were performed with similar routines as 

described except they were performed inside an anaerobic chamber (atmosphere of 10 % H2 

and 5 % CO2 in N2). The RPMI-1640 media was placed in the chamber at least one day before 

the experiment to clear from oxygen. The PMNs and infection media were cleared from 

oxygen before entered in the chamber. After the 3 hours incubation, the supernatants were 

collected and stored in -80 °C. The coverslips were fixed with 2 % paraformaldehyde (PFA) 

overnight in 4 °C and exchanged to PBS the day after. To ensure that the environment inside 
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the chamber had low redox potential a redox electrode in potassium phosphate buffer (50 

mM) were used as a monitor and methylene blue solution as a control, which is colourless 

when the redox potential is below -150 mV.  

 

Immunofluorescent microscopy 

For NET-quantification the coverslips were stained with 4’,6-diamidino-2-phenylindole 

(DAPI) 1:500 and at least 10 pictures of each coverslip were captured using a Nikon 90i 

fluorescence microscope and NIS-Elements AR software. The thresholds were set manually 

and analysed using ImageJ. Areas counted as NETs were considered to be DNA areas above 

100 µm2. If two or more PMNs were overlapped, measured above 100 µm2 and no NET-liked 

structures could be distinguished they were excluded and not counted as NETs. Data 

represents the average of total percentage of NETs for each picture of the corresponding 

condition. 

 

Interleukin-8 determination with ELISA 

The amount of the human IL-8 from collected supernatants were measured with Human IL-8 

ELISA Max (BioLegend) according to manufacturer’s instructions. In briefly, the Capture 

Antibody Solution was prepared and added to a clear 96-well plate one day prior to running 

the ELISA. After the plate had been stored overnight in 4 °C the plate was washed, blocked 

with Assay Diluent and incubated in room temperature for 1 h on a shaker. Each washing step 

was performed 4 times with Wash Buffer except the final wash when the plate was soaked in 

with Washing Buffer for 30sek-1min and washed 5 times. The plate was washed again before 

the sample supernatants were thaw and added to the coated 96-well plate in quadruples. After 

2 hours of incubation on a shaker the plate was washed again and Detection Antibody 

Solution was added before another wash. Diluted Avidin-HRP solution was added and after 

30 minutes of incubation on a shaker a final wash was performed. The TMB Substrate 

solution was added and after incubation in the dark for 15 min without shaking, the reaction 

was then stopped and the positive wells was turned from blue to yellow. Finally, the pate was 

placed in a reader (LUMIstar Omega Luminometer) and the absorbance was read at 450 nm. 

A standard curve of known amounts of IL-8 (from 0 to 1 000 pg/mL) was pipetted in 

duplicates and used to determine the unknown IL-8 concentration in the samples for each 

condition.  
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Statistics 

Data was analysed by one-way ANOVA with Dunnett’s correction in GraphPad Prism 

Software 7 (GraphPad Software, La Jolla, CA, USA). A p-value <0.05 was considered 

statistically significant and all data except data in the IL-8 ELISA test are presented as means 

of at least three biological replicates performed in three technical replicates, n = 3(3). 

 

Literature search 

Search for adequate literature and articles was made in PubMed, the National Library of 

Medicine, using the following MeSH terms: Innate immune system, Neutrophil, Neutrophil 

Extracellular Traps (NETs), Aggregatibacter actinomycetemcomitans, Aggressive 

periodontitis, Leukotoxin, HK 1651, NCTC 9710.  

 

Ethical considerations 

Ethical permission was obtained from the local ethical committee (Regionala 

etikprövningsnämnden, Umeå) and to the principles expressed in the Declaration of Helsinki. 

Neutrophils were harvested from anonymous healthy donors in Umeå with no follow up. 

Bacterial strains were collected in Ghana from patient samples of Ghanaian adolescents. 

Sample was collected according to the ethical guidelines defined by Umeå University 

minimizing risks or hazards to participants or researchers.  

 

RESULTS 

A. actinomycetemcomitans leukotoxin strains induce NET-formation 

In this study, we wanted to determine the impact of A. actinomycetemcomitans strains on 

NET-formation focusing on leukotoxin under anaerobic conditions. Two strains of A. 

actinomycetemcomitans were used, with different virulence based on the amount of 

leukotoxin they produce, HK1651 strains with high leukotoxin production and NCTC 9710 

strains with low leukotoxin production. NET quantification and microscope images 

demonstrated that the presence of oxygen is not necessary for NET-formation (Fig. 1 and S1). 

Higher NET-formation was shown for all infections compared to controls under both aerobic 

and anaerobic conditions, however the results were not significant (Fig. 1). The percentage of 

NET-forming NCTC 9710-infected PMNs was slightly more increased under anaerobic 

conditions. 

 



9 
 

Leukotoxin isolate induce NET-formation 

Previous studies showed significant NET-formation when stimulating PMNs with purified 

leukotoxin in concentrations from 10 ng/mL up to 300 ng/mL (Hirschfeld et al., 2016; Konig 

et al., 2016). This study shows also increased NET-formation under aerobic and anaerobic 

conditions for Ltx stimulated PMNs (Fig. 2).  

 

PMA induces NET-formation under aerobic but not anaerobic conditions 

Previous studies have demonstrated that PMA stimulates NET-formation under aerobic 

conditions through activation of protein kinase C (PKC), which in turn activates NADPH 

oxidase and trigger NET-formation. PMA is therefore served as positive control in studies 

regarding NET-formation (Brinkmann et al., 2004). NET quantifications demonstrate that the 

presence of oxygen is necessary for PMA-stimulated PMNs to form NETs under 3 h stimuli 

(Fig. 3).  

 

PMNs release IL-8 upon aerobic and anaerobic A. actinomycetemcomitans infection  

Since IL-8 is known to stimulate NET-formation (Brinkmann et al., 2004; Fuchs et al., 2007), 

we were interested to measure the IL-8 release 3 h post infection under both aerobic and 

anaerobic conditions by ELISA. Our results showed that A. actinomycetemcomitans strains 

induce IL-8 secretion on contact with PMNs compared to uninfected controls (Fig. 4). Under 

aerobic conditions, HK 1651-infected and NCTC 9710-infected PMNs released higher levels 

of IL-8 than uninfected and PMA-stimulated PMNs. Under anaerobic conditions, NCTC 

9710-infected PMNs released slighter lower levels than HK 1651-infected PMNs. The 

untreated PMNs in anaerobic conditions were not a good negative control since PMNs from 

Donor 2 (D2) released high levels of IL-8. Under both aerobic and anaerobic conditions, the 

PMNs from D2 stimulated with purified leukotoxin showed high levels of IL-8 whereas the 

Ltx stimulated PMNs from Donor 1 (D1) showed no increase of IL-8 release. PMA-

stimulated PMNs released IL-8 in approximately the same amount under aerobic conditions 

as under anaerobic conditions.  

 

DISCUSSION 

In the periodontal pocket, where the oxygen availability is limited and the microbial growth is 

hypoxic or even anoxic, the periopathogen A. actinomycetemcomitans can proliferate and 

cause dysbiosis in the microflora. To study how different strains of A. actinomycetemcomitans 
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promotes dysbiosis based on the amount of leukotoxin they produce, we hope to improve 

knowledge of the virulence behind A. actinomycetemcomitans.  

 

In vitro studies were preformed using host-pathogen infections with PMNs and A. 

actinomycetemcomitans under aerobic and anaerobic conditions to clarify the role of 

leukotoxin in the formation of NETs. Several studies have shown that NET-formation is 

dependent on activation of NADPH oxidase and consecutive ROS production (Brinkmann et 

al., 2004; Fuchs et al., 2007). It has been reported previously that PMNs from patients with 

chronic granulomatous disease (CGD) lack functional NADPH oxidase and ROS generation 

(Bianchi et al., 2009; Buduneli et al., 2001). In previous studies PMNs were treated with 

diphenylene iodonium (DPI), a NADPH oxidase inhibitor, to resemble CGD neutrophils with 

a gene defect in the NADPH oxidase complex. Loss of ROS production was seen in PMA-

stimulated CGD neutrophils and was comparable to PMA-stimulated healthy neutrophils with 

DPI inhibitor (Remijsen et al., 2011). Since subjects with CGD lack the ability to produce 

NETs because of impaired ROS generation, it demonstrates that NET-formation is ROS-

dependent. However, publications have shown ROS-independent NET release upon bacterial 

infections with Staphylococcus Aureus and Pseudomonas aeruginosa, suggesting there are 

alternative NADPH oxidase-independent pathways for NET-formation upon oxygen 

deprivation (Douda et al., 2015; Pilsczek et al., 2010). 

 

Most of the previously studies that have been done in this field have been performed under 

aerobic conditions. PMNs-A. actinomycetemcomitans interactions made in anaerobic settings 

are delicate as the infections are performed inside an anaerobic chamber, but they are more 

precise to the reality inside a periodontal biofilm with hypoxic or anoxic niches. In a recent 

study, PMNs infected with HK 1651 (MOI 100) for 3 h under aerobic condition showed 

significant NET release whereas NCTC 9710-infected PMNs did not (Hirschfeld et al., 2016). 

Based on this study, we wanted to see if the previous results could be repeated under 

anaerobic conditions or if there would be no NET-formation due to oxygen deprivation. 

Previous studies have also shown significant NET-formation when stimulating PMNs with 

purified leukotoxin (Hirschfeld et al., 2016; Konig et al., 2016), which was also repeated in 

this study under anaerobic conditions. 

 

NETs appear to be formed upon infection with A. actinomycetemcomitans (Fig. 1) or 

stimulation with leukotoxin (Fig. 2) compared to unstimulated controls under both aerobic 
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and anaerobic conditions. High-leukotoxic HK 1651 clones formed more NETs than low-

leukotoxic NCTC 9710 clones under aerobic conditions (Fig. 1), as expected. The results 

were the opposite under anaerobic conditions where low-leukotoxic NCTC 9710 clones 

appeared to produce more NETs than the high-leukotoxic HK 1651 clones. However, there is 

a variation between the different experimental trials and more trials is needed to certainly say 

that this is the case. Most of the experiments upon stimulation with purified leukotoxin 

showed intense NET-formation under aerobic conditions whereas stimulation under anaerobic 

conditions resulted in slightly less NET release. These results were significantly higher 

compared to the control with uninfected PMNs, however, there was a variation here as well 

(Fig. 2). NET-formation due to stimulation with PMA was significant higher than controls 

under aerobic conditions as expected (Brinkmann et al., 2004) (Fig. 3). Our findings indicate 

a lack of induction of NET-formation upon stimulation with PMA under anaerobic conditions, 

perchance it is because the NET-formation is ROS and oxygen dependent. These results are 

similarly to what you see from CGD neutrophils or PMNs from healthy donors treated with 

DPI inhibitor. 

 

Low basal levels of IL-8 were detected from untreated PMNs control and A. 

actinomycetemcomitans infected PMNs released higher levels of IL-8 compared to this 

control under aerobic conditions, whereas under anaerobic conditions the results were more 

uncertain because of the big variations between the two donors (Fig. 4). On the contrary, the 

IL-8 release from PMA-stimulated PMNs were at low levels under both aerobic and anaerobic 

conditions. Previous findings have shown that PMA has no effect on release of IL-8 from 

PMNs under aerobic conditions (Lund and Østerud, 2004). Based on the fact that both IL-8 

and PMA can initiate NET-formation (Brinkmann et al., 2004; Fuchs et al., 2007), we assume 

that A. actinomycetemcomitans infected PMNs have formed NETs after 3 h aerobic and 

anaerobic infection thanks to the presence of IL-8 whereas PMA stimulated PMNs have 

formed NETs under aerobic conditions without involving IL-8. However, more experiments 

are needed to confirm this. 

 

As seen in our results for NET quantification, the percentage of NETs vary between different 

experimental trials (Fig. 1 and 2) and the preparation of bacterial suspensions or purified 

leukotoxin could be one explanation for this variation. Other sources of experimental errors 

such as pipetting could explain the big variations in IL-8 release between the two donors (Fig. 

4). PMNs from one of the donors stimulated with purified leukotoxin showed high levels of 
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IL-8 whereas there were low levels of IL-8 release from the other donor under both 

conditions. Also, untreated PMNs and NCTC 9710-infected PMNs showed a great variation 

between the donors under anaerobic conditions.  

 

In the previously mentioned study by Hirschfeld et al., 2016, the method used for quantifying 

NETs was to measure fluorescence intensity (arbitrary fluorescent units, AFU) using a 

fluorescence plate reader. Whereas in this study, we used ImageJ for analysing the 

microscopy images. When measuring the fluorescence intensity, it can cause uncertainties 

since the signal from samples could either be caused by true NETs or unstimulated 

neutrophils that are close together and thus appear as clots. By analysing each microscopy 

image in ImageJ, it was possible to distinguish NETs from clotting PMNs, which were 

excluded if the area was above 100 µm2. The strength in our method compared to the previous 

study, is that NET quantification corresponds more to the actual amount of NETs in the 

samples. Another strength is that we analysed samples from infections performed both under 

aerobic and anaerobic conditions. 

 

All experiments were carried out in RPMI-1640 with 2 % FCS unlike the previous study 

where the experiments were run in serum-free RPMI-1640. NETs consist of DNA fragments 

and serum such as FCS contains nucleases that can degrade these fragments. The nucleases in 

FCS are heat-stable, but some NETs could have been degraded despite heat-inactivation of 

FCS (von Köckritz-Blickwede et al., 2009). 

 

The semi-automated method of quantification of NETs using ImageJ could be improved 

designing a way to automatically assign image threshold since performing it manually may 

influence the results and cause bias. A blind test where the performers analyse the microscopy 

images without processing and without knowing the different conditions could minimize bias 

but it would be difficult and less timesaving to have this kind of setting. 

 

In summary, this study possibly confirms earlier findings of a ROS-independent pathway for 

anaerobic infections in vitro. We have shown tendency of NET release during PMNs-

infection with high leukotoxic and low leukotoxic clones of A. actinomycetemcomitans as 

well as tendency of IL-8 release from infected PMNs under aerobic and anaerobic conditions. 

However, the data from this study is not conclusive since there is a variation between the 
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experimental replicates and as for the IL-8 ELISA, more experimental data is necessary 

before any conclusions can be drawn.  
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FIGURES 

 

Figure 1. NET-formation upon A. actinomycetemcomitans infection under aerobic and 

anaerobic conditions. Percentage of NET-forming PMNs was determined 3 h with infection 

with high-leukotoxic HK 1651 or low-leukotoxic NCTC 9710 strains at MOI 100 (n ≥ 3). 
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Figure 2. NET-formation upon stimuli with purified leukotoxin under aerobic and 

anaerobic conditions. Percentage of NETs formed was quantified 3 h after aerobic and 

anaerobic stimuli with purified leukotoxin (100 ng/mL). All data is analysed with one-way 

ANOVA. * = p ≤ 0.05 according to Dunnett’s correction (n ≥ 3). Ltx = Leukotoxin  
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Figure 3. NETs are formed upon aerobic PMA stimuli. Aerobic percentage of NET-

forming PMNs was determined after 3 h stimuli with 100 nM PMA. No significant NET-

formation was seen under anaerobic conditions 3 h. All data is analysed with one-way 

ANOVA. * = p ≤ 0.05 according to Dunnett’s correction (n ≥ 3). 
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Figure 4. IL-8 release from PMN upon PMA stimuli, A. actinomycetemcomitans infection 

or leukotoxin stimuli. PMNs from two donors were stimulated with PMA (100 nM), infected 

with HK 1651 or NCTC 9710 strains (MOI 100) or stimulated with purified leukotoxin (100 

ng/mL). Levels of IL-8 from the supernatants collected after 3 h incubation under both 

aerobic and anaerobic conditions were determined by ELISA (n =2 (4)). Ltx = Leukotoxin, 

D1= Donor 1, D2= Donor 2 
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Supplemental appendix 

A. 

 

B. 

 

 

Figure S1. A. actinomycetemcomitans induces NET-formation under anaerobic 

conditions. PMNs were infected with HK 1651 (MOI 100) (A) or left untreated (B) for 3 h 

under anaerobic conditions. Figure illustrates representative immunofluorescence microscope 

images (left) from fixed samples with DNA stained in blue (DAPI) and images from ImageJ 

(right) where threshold is set. Arrow shows NETs identified by DAPI staining. Scale bars 

show 10 μm. 

 


