
886

http://journals.tubitak.gov.tr/veterinary/

Turkish Journal of Veterinary and Animal Sciences Turk J Vet Anim Sci
(2020) 44: 886-893
© TÜBİTAK
doi:10.3906/vet-2002-6

In vitro investigation of NETosis reaction developing from dog polymorphonuclear 
neutrophils to Toxoplasma gondii

Güneş KARAKURT1,*,  Kader YILDIZ2


1Department of Parasitology, Graduate School of Health Science, Kırıkkale University, Kırıkkale, Turkey
2Department of Parasitology, Faculty of Veterinary Medicine, Kırıkkale University, Kırıkkale, Turkey

* Correspondence: gunes_karakurt@hotmail.com

1. Introduction
Three infectious stages of Toxoplasma gondii are known: 
tachyzoite, bradyzoite (in tissue cyst), and sporozoite (in 
oocyst) [1]. The final hosts of the parasite are domestic 
cats and other members of the Felidae family. Intermediate 
hosts consist of humans and different animal species 
including dogs [1]. T. gondii infections can be observed as 
neuromuscular (ataxia), respiratory and gastrointestinal 
symptoms (diarrhoea), or a generalized infection in dogs 
[2,3,4,5]. 

Neutrophils are the most common innate immunity 
cells in humans and animals. These cells fight pathogens 
entering the body using different mechanisms such as 
phagocytosis and degranulation, as well as NETosis [6]. 
When a neutrophil encounters pathogens or certain 
molecules in the organism, the nuclear and granular 
contents are mixed with each other in the neutrophil. 
Then, extracellular traps (NETs), including antimicrobial 
enzymes such as myeloperoxidase (MPO) and neutrophil 
elastase (NE), are released to the extracellular area [6,7]. 
Extracellular traps have been reported to form against 

many bacteria, fungi, and viruses. Some protozoa [8–17] 
and helminths [18–23] have been reported to trigger the 
formation of NETs. Not only live parasites but also parasitic 
lysates or heat-inactivated parasites have been reported 
to develop extracellular traps from polymorphonuclear 
leukocytes (PMNs) [8].

Toxoplasma gondii develops the extracellular traps 
from PMNs of some animal species including cattle, sheep, 
cat, donkey, mouse, harbour seal, and dolphin [16,24–28]. 
In this study, we aimed to investigate the extracellular trap 
structures formed in dog PMNs after being confronted 
with T. gondii tachyzoites in vitro. This study also aimed 
to determine the effect of parasite concentration and 
incubation time on the formation of extracellular traps. 
Also, reactive oxygen species (ROS), MPO, and NE 
activities were determined in extracellular traps formed 
against T. gondii. 

2. Materials and methods
The Ethics Committee decision for all animal 
manipulations was received from the Animal Experiments 
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Local Ethics Committee of Kırıkkale University (Meeting 
date: 06.09.2017; decision no: 17/32).
2.1. Isolation of PMNs 
Five mL blood samples were collected from the Vena 
cephalica of five clinically healthy dogs in anticoagulant 
tubes containing EDTA. PMNs were isolated from the 
venous blood samples as described by Sursal et al. [29]. 
Percoll (Merck KGaA, Darmstadt, Germany) dilutions 
(45%, 54%, 63%, and 72%) were used for the isolation of 
PMN. The PMNs were counted using a Neubauer counting 
chamber. To determine the viability of PMNs, 0.4% Trypan 
blue (Merck KGaA, Darmstadt, Germany) staining was 
performed. The neutrophil rate was determined in the 
isolated PMN using the Diff-Quick dye solution (Bio 
Optica, Italy). 
2.2. Toxoplasma gondii tachyzoites
Toxoplasma gondii is passed from mice in the Parasitology 
Laboratory of the Turkish Public Health Institution, 
Ankara for use in the Sabin Feldman Dye Test. Tachyzoites 
were obtained from an experimentally infected mouse 
peritoneum via peritoneal lavage. The tachyzoite numbers 
were counted with light microscopy (Leica DM750) using 
Neubauer’s chamber. Then, the tachyzoite suspension was 
diluted as 1 × 105/100 µL using RPMI-1640. 
2.3. Quantitative analysis of extracellular DNA released 
in NETosis reaction 
PMNs and tachyzoites (1:1, 1:2, and 1:3 concentrations) 
were placed in separate sterile reaction tubes. Phorbol 
12-myristate 13-acetate (PMA) (Merck KGaA, Darmstadt, 
Germany, 50 nM) stimulated canine neutrophils were used 
as positive controls. The tubes (experiment and control) 
were kept in the CO2 incubator (Nuve MN120) set at 37 
°C for 30, 60, and 120 min (5% CO2). At the end of this 
period, micrococcal nuclease (NEB, 5 U) was added into 
the tubes and the incubation was continued for 15 min 
under the same conditions. Following centrifugation, the 
supernatant was placed in black microtitration plate wells 
and Sytox Green extracellular DNA stain (Thermo Fisher 
Scientific, Waltham, MA, USA, 5 µM) was added. The 
plate was kept in the dark for 15 min and measured using 
a fluorometer (Fluoroscan Ascent FL, Thermo Scientific) 
(460 nm excitation/538 nm emission).
2.4. Immunohistochemical staining of extracellular traps
For better monitoring the tachyzoites among the 
extracellular traps formed during the NETosis reaction, 
the tachyzoites were stained with the permeable 
fluorescent dye 5- (and -6)-carboxyfluorescein diacetate 
N-succinimidyl ester (CellTrace CFSE Cell Proliferation 
Kit, Thermo Fisher Scientific, Waltham, MA, USA, 5 µM) 
as recommended by the manufacturer. The dog PMNs (1 
× 105/100 µL) and fluorescence-labelled tachyzoites were 
placed in a 1:1 concentration on poly-L-lysine coated 

coverslips and kept in the incubator for 1 h (37 °C, 5% 
CO2). Subsequently, 4% paraformaldehyde and 0.5% 
Triton X-100 were added. Histone (H3), MPO, and NE, 
which are characteristic of NETosis, were stained with 
appropriate primary and secondary antibodies (Table). 
Then, extracellular DNA was stained with Sytox orange 
dye for 5 min (1:30,000). The fluorescence was examined 
under a fluorescence microscope (Leica IL Led Fluo) (495 
nm excitation/520 nm emission). 
2.5. Measurement of ROS, MPO, and NE activities 
during NETosis reaction
The dog PMNs and tachyzoites (1:2) were placed on a 
black microtitration plate. Dog PMNs treated with PMA 
(100 nM) were used as a positive control. At the beginning 
of the incubation, 2’,7’-dichlorofluorescin diacetate (Merck 
KGaA, Darmstadt, Germany, 10 µg/mL) and MeoSuc-
Ala-Ala-Pro-Val-chloromethyl-ketone (Merck KGaA, 
Darmstadt, Germany, 3 mg/mL) were added to the wells 
to determine ROS and NE activity, respectively. For the 
determination of MPO activity, Amplex Red Hydrogen 
Peroxide/Peroxidase Assay Kit (Thermo Fisher Scientific, 
Waltham, MA, USA) was applied as recommended by the 
manufacturer. All plates were placed in a fluorometer set 
at 37 °C. The measurements were obtained at intervals 
of 10 min during the incubation (for 150 min) (485 nm 
excitation/520 nm emission).
2.6. Statistical analysis
Dose and time-dependent results of this study were 
statistically analysed using SPSS 22 (SPSS Inc., Chicago, 
IL, USA). All hypothesis tests were performed with a 
confidence level of 95%. Descriptive statistics were used to 
calculate the arithmetic mean and standard error. Firstly, 
a one-way analysis of variance (ANOVA) was performed 
for paired comparisons, and then the LSD test was used 
to determine whether there was a difference in paired 
comparisons. The normality hypothesis required for 
the realization of ANOVA was tested by Shapiro-Wilk, 
and the first type error, where the data subject to binary 
comparisons were normally distributed, was accepted 
as 0.05. At the same time, a homogeneous variance 
hypothesis, which is the second condition for ANOVA, 
was tested by Leneve, and a sufficient P value was reached 
at 0.05 error level.

3. Results
The ratio of neutrophils in the isolated PMNs was found 
to be 92%. Following Trypan blue staining, 98% of the 
isolated neutrophils were detected as viable. After coming 
in contact with tachyzoite, a NETosis reaction was observed 
in the dog PMNs (Figures 1–3). The extracellular traps have 
been identified as in the cloud shape (Figure 1a). These 
extracellular structures had the property of DNA (Figure 
1b). Histones (H3) were observed on the extracellular trap 
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structures after they were stained with adequate antibodies 
(Figure 1c). The extracellular traps have been identified 
as in the strand shape (Figure 2a). These extracellular 
structures had the property of DNA (Figure 2b). MPO was 
observed on the extracellular trap structures after staining 
with adequate antibodies (Figure 2c). The extracellular 
traps have been identified (Figure 3a). These extracellular 
structures had the property of DNA (Figure 3b). NE was 
observed on the extracellular trap structures after staining 
with adequate antibodies (Figure 3c). The fluorescence-
labelled tachyzoites are observed between the NETs. The 
structures of the extracellular trap appear to adhere to the 
tachyzoites and immobilize them.

3.1. Variation of extracellular DNA based on tachyzoite 
concentration and incubation time 
A positive relationship was detected between the 
parasite concentrations and extracellular DNA amounts. 
However, the differences were not statistically significant 
(P > 0.05). Figure 4 shows a time-dependent variation 
of the extracellular traps formed in the culture of PMN-
tachyzoites. It was determined that the extracellular 
DNA amount increased up to 60 min of incubation in all 
experiments and control groups. However, the differences 
were not statistically significant (P > 0.05). PMA used 
as a positive control was found to be a good activator of 
NETosis for canine neutrophils.

Table. Primary and secondary antibodies used in immunohistochemical staining

Primer antikor Dilution Sekonder antibody Dilution

Anti - histon (H3) monoclonal antibody 1 : 1000 FITC marked IgG2b 1 : 100
Anti - MPO monoclonal antibody 1 : 1000 FITC marked IgG1 1 : 100
Anti - NE monoclonal antibody 1 : 1000 FITC marked IgG1 1 : 100

Figure 1. Fluorescence micrograph of extracellular trap structures triggered by Toxoplasma gondii tachyzoites. After staining with 
5-(and -6)-carboxyfluorescein diacetate N-succinimidyl ester (5 µM), tachyzoites were incubated for 1 h with dog polymorphonuclear 
neutrophils (1:1). Then the culture was probed for histones (H3) (A) using antihistone antibody and stained with Sytox orange dye for 
extracellular DNA backbone (B). A composite image (C) was generated using Image J (version 2.0.0 – rc – 43/1.50 g). Tachyzoites to be 
entrapped in NET structures (arrows) (× 40).

Figure 2. Fluorescence micrograph of extracellular trap structures triggered by Toxoplasma gondii tachyzoites. After staining with 
5-(and -6)-carboxyfluorescein diacetate N-succinimidyl ester (5 µM) tachyzoites were incubated for 1 h with dog polymorphonuclear 
neutrophils (1:1). Then the culture was probed for myeloperoxidase (A) using antiMPO antibody and stained with Sytox orange dye for 
extracellular DNA backbone (B). A composite image (C) was generated using Image J (version 2.0.0 – rc – 43/1.50 g). Tachyzoites to be 
entrapped in NET structures (arrows) (× 40).
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3.2. Determination of ROS, MPO, and NE activity during 
incubation
During the incubation, a time-dependent increase of 
ROS was detected in both the PMN-tachyzoite cultures 
and positive control. The level of ROS was higher in the 
positive control group than that of PMN-tachyzoites 
cultures during incubation (Figure 5).

MPO activity is shown in Figure 6. The MPO activity 
showed a time-dependent increase both in the PMN-
tachyzoite culture and in the positive control during 
incubation. In both experiments and positive control 
groups, MPO levels tended to increase during the first 40 
min of incubation. After this point, it remained constant 

for 70 min and then tended to decrease slowly. The 
amount of MPO in the positive control was higher than in 
the PMN-tachyzoite culture.

NE activity is shown in Figure 7. Both the PMN–
tachyzoite culture and the positive control yielded a time-
dependent increase in the amount of NE released. The NE 
activity was higher in the positive control group than that 
of the tachyzoite-induced reaction. 

4. Discussion
NETosis is known to occur in dog PMNs [30]. The NETosis 
reaction has been reported against some parasites such as 
Neospora caninum and Dirofilaria immitis in dog PMN 

Figure 3. Fluorescence micrograph of extracellular trap structures triggered by Toxoplasma gondii tachyzoites. After staining with 
5-(and -6)-carboxyfluorescein diacetate N-succinimidyl ester (5 µM) tachyzoites were incubated for 1 h with dog polymorphonuclear 
neutrophils (1:1). Then the culture was probed for neutrophil elastase (A) using antiNE antibody and stained with Sytox orange dye for 
extracellular DNA backbone (B). Composite images (C) were generated using Image J (version 2.0.0 – rc – 43/1.50 g). Tachyzoites to be 
entrapped in NET structures (arrows) (× 40).

Figure 4. Time-dependent alteration of extracellular DNA amounts in the dog 
polymorphonuclear neutrophils-tachyzoite cultures (1:1, 1:2, 1:3) (PC: positive control) 
(AU: arbitrary unit) (P > 0.05).
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Figure 5. Time-dependent alteration of reactive oxygen species (ROS) activity in the 
dog polymorphonuclear neutrophils (PMN)-tachyzoite cultures (1:1). ROS activity was 
measured in a fluorometer (485 nm excitation/538 nm emission). Phorbol 12-myristate 
13-acetate-induced PMNs were used as the positive control (PC) (AU: arbitrary unit).

Figure 6. Time-dependent alteration of myeloperoxidase activity in the dog 
polymorphonuclear neutrophils (PMN)-tachyzoite cultures (1:1). Neutrophil elastase 
activity was measured in a fluorometer (485 nm excitation/538 nm emission). Phorbol 
12-myristate 13-acetate-induced PMNs were used as positive control (PC). (HRP: 
horseradish peroxidase; RB: reaction buffer; AU: arbitrary unit).
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[14,23]. T. gondii is also known to develop extracellular 
traps from neutrophils of several animals (mouse, cattle, 
sheep, cat, harbour seal, donkey, and dolphin) [16,24–28]. 
In this study, it was revealed that dog PMNs developed 
extracellular traps against T. gondii tachyzoites in vitro. 
Moreover, the DNA ornamented with MPO, NE, and 
histone (H3) was observed by a fluorescence microscope 
in dog PMNs after incubation with tachyzoites.

Microscopic examination revealed several 
morphological differences in the extracellular trap 
structures generated by PMNs. The trap structures were 
divided into three groups (diffuse, spread, and aggregated) 
based on these differences. In the form called “diffuse” 
extracellular trap structure (diffNETs), a compact spherical 
network with a diameter of 25–28 nm is microscopically 
observed. This form consists of decondensed protein-
carrying antimicrobial proteins. Another form is the 
“spread” (sprNETs); it forms decondensed, protein-
structured, long, thin, web-like strands of 15–17 nm in 
length carrying antimicrobial proteins. The “aggregated” 
form (aggNETs) is large aggregated reticulated clusters, 
seen as large clusters with a large number of PMNs 
involved. This large structure consists of extracellular 
chromatin-carrying granular proteins with a diameter of 

above 50 μm [20]. Different trap structures were reported 
in canine PMN–D. immitis microfiler and third-stage 
larvae cocultures [23]. In the present study, after 1-h 
incubation, extracellular trap structures in diffuse and 
spread forms (diffNETs and sprNETs) were observed in 
PMN-tachyzoite culture. It was also observed that a single 
tachyzoite was attached to the extracellular trap structures 
in sprNETs, while more than one tachyzoite was observed 
in diffNETs. The prolongation of the incubation time can 
have an effect on the development of NETosis structure 
since the amount of extracellular DNA was increased in 
parallel with the incubation time.

The incubation time had a different effect on the 
development of extracellular traps in parasite-PMN 
cultures. The amount of extracellular DNA released in 
goat and bovine neutrophils incubated with Eimeria bovis, 
E. arloingi, and Cryptosporidium parvum sporozoites 
increased in parallel with the incubation time [9,11,27]. 
The opposite has been observed in bovine PMN-
Besnoitia besnoiti tachyzoites cultures, and the amount 
of extracellular DNA released during incubation did not 
increase in parallel with the incubation period [20]. The 
amount of extracellular DNA formed in the studies on 
T. gondii changed over time [24–28]. Time-dependent 

Figure 7. Time-dependent alteration of neutrophil elastase activity in the dog 
polymorphonuclear neutrophils (PMN)-tachyzoite cultures (1:1). Neutrophil elastase 
activity was measured in a fluorometer (485 nm excitation/538 nm emission). Phorbol 
12-myristate 13-acetate-induced PMNs were used as positive control (PC) (AU: arbitrary 
unit).
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increase in extracellular DNA levels against T. gondii 
tachyzoites has been reported from PMNs of mouse, sheep, 
cattle, cat, donkey, and dolphin [24–28]. In the present 
study, in accordance with the results of previous studies 
[24–28], the amount of extracellular DNA increased with 
the concentration of the parasite. However, the differences 
were not statistically significant (P > 0.05). The amount 
of extracellular DNA released from PMA-induced dog 
neutrophils (the positive group) was higher than that of 
the PMN-tachyzoite culture.

There have been some reports of lethal effects of 
extracellular traps against T. gondii in some animals 
[16,24]. However, it is not well known which chemical 
has lethal effects on tachyzoites during NETosis [24]. 
Neutrophil granules contain many antimicrobial enzymes 
and proteins that act on pathogens [31,32]. MPO, one of 
the important enzymes in the primary granules, exhibits 
an antimicrobial effect on pathogens both inside of the 
neutrophil and in the extracellular area [33]. MPO activity 
is reported from bovine and sheep PMNs after incubation 
with T. gondii tachyzoites [16]. The MPO level in bovine 
PMN is higher than that of sheep PMN during incubation 
and it increases up to the 100th min of incubation in 
bovine PMNs [16]. The MPO level increases up to the 80th 
min of incubation in the PMNs of donkey after incubation 
with T. gondii tachyzoites [26]. In the present study, the 

MPO activity tended to increase in the dog PMNs during 
the first 40 min of incubation. Then, the activity remained 
constant for 70 min and tended to decrease slowly.

Neutrophil elastase plays a role in oxygen-independent 
antimicrobial mechanisms [34]. The NE activity is 
reported from donkey PMNs after incubation with T. 
gondii tachyzoites [26]. In the present study, the NE level 
increased in the dog PMN-tachyzoites culture during the 
incubation period (150 min).

In conclusion, the development of extracellular traps 
against T. gondii in dog PMNs is reported for the first time. 
Time-dependent and dose-dependent relationships were 
observed but they were not statistically important. The 
MPO and NE activities were detected during the incubation 
of tachyzoites-PMN cocultures. It could not be determined 
whether the extracellular traps released from dog PMNs 
only mechanically immobilize or have some lethal effect 
on tachyzoites. This needs to be clarified in future studies. 
Furthermore, the differences in granular contents of the 
neutrophils of the dog should be demonstrated.
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