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1. INTRODUCTION: 

Neutrophils, in response to a pathogen, release their genomic DNA into the extracellular space, 

known as neutrophil extracellular traps (NETs). NETs are consisting of extracellular chromatin 

entangled with cytoplasmic and nuclear proteins. The process in which NET are released is 

called NETosis which is a kind of cell death but different from apoptosis and necrosis. NETs are 

considered as an important mechanism of the innate immune system and act as mesh-like 

networks to trap pathogens. However, the role of NETs in cancer-associated thrombosis in 

humans remains unexplored, but it has been shown that intravascular NETs in cancer patients are 

elevated due to decreased degradation by plasma nucleases. Cancer cells can induce neutrophils 

to form metastasis-supporting NETs in the absence of infection as well. The release of NET by 

dead cells in the vicinity of cancerous cells and subsequent destruction produce a plenty of 

nucleosomes which are attached on the surface of cancerous cells through related receptors. 

Antinuclear antibodies (ANAs) are a type of autoantibody that shows high affinity towards 

nuclear proteins. 2C5 being one of ANA selectively attaches to nuleosome which are the main 

component of NETs. The previous studies have demonstrated that 2C5 selectively attach to 

cancerous cell, while it has no significant affinity toward healthy cells. 

 In this study we are going to target cancerous cells by 2C5 decorated liposome hoping to deliver 

the chemotherapeutic agent directly to the site of action and subsequently enhance therapeutic 

efficiency of pharmaceutical formulations. Owing to the invasive nature of obtaining primary 

neutrophils for scientific study and in consideration of the multitude of influencing factors the 

cells may be exposed to in the peripheral bloodstream before experimentation, the human 

promyelocytic cell line, HL60, was used, as a model for neutrophil growth and differentiation. 

These cells were originally isolated from a 36 year old female patient with acute promyelocytic. 

DMSO differentiated HL60 cells (dHL60) have been described as neutrophil-like with regards to 

various morphological, biochemical and functional characteristics.  

2. MATERIALS AND METHODS 

2.1. Culture and differentiation of HL60 cells  

To develop a readily available source of neutrophil-like cells for the study of NET release, and 

potentially eliminate inter-personal and temporal variation observed using primary neutrophils, 

the promyelocytic cell line, HL60, was cultured for NET release.  
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HL60 cells was collected ATCC (ATCC® CCL-240™). Cells were seeded at a concentration of 

2x105 cells/ml in Iscove's Modified Dulbecco's Medium (IMDM) (ATCC® 30-2005™) 

supplemented with10% foetal calf serum (FCS; S1810 Biosera) and 1% penicillin-streptomycin 

(P4333 Sigma). Cells were incubated at 37 C in 5% CO2 for 2 days or until confluent and then 

stimulated to differentiate into neutrophil-like cells by the addition of different stimuli including 

1.25% DMSO (Sigma D2438 sterile filtered) and all-trans-Retinoic acid (ACROS Organics™) 

and incubated for intended days. Subsequently cells were washed twice by centrifuging for 5 

minutes at 150 rcf, removing the supernatant and re-suspending the pellet in sterile PBS before a 

cell count was performed and cell viability assessed by trypan blue exclusion. Cells were 

resuspended at 1x106/ml for use in subsequent experiments. 

 

2.2. Staining of HL60 cells with wright Giemsa 

The Cytofuge is a microprocessor -controlled cell preparation system that uses centrifugal force 

to deposit cells onto microscope slides. The approximate cell concentration of the specimen 

should be established before slide preparation on the Cytofuge. Samples containing higher than 

optimal cell concentration produces slides with cells too closely packed or overlapping. Samples 

containing too low of a cell concentration yields slides where cells are difficult to find, count, or 

examine. To compare the cell morphology of undifferentiated and differentiated HL60 cells to 

primary neutrophils, cells were washed in PBS, re-suspended at 2x106 cells/ml in PBS and 100 

µL of cell suspension was placed onto multiwell slides and cytofuged for 30 minutes. The 

supernatant was removed and cells were then fixed using Paraformaldehyde (PFA) 2% for 15 

minutes prior to air drying for 10 minutes and storage at -4°C until staining. 

 

2.3. Nitroblue Tetrazolium Assay (NBT) 

NBT assay is used to evaluate the extent of HL60 cells differentiation into neutrophil like cells.   

Briefly, 100 µL of HL60 cells at 2x106 cells/ml  were seeded in 96 well plate and DMSO 

(1.25%) was added to each well and incubated for different days (3, 4,5 days).  The samples 

were observed using a fluorescence microscope to see insoluble blue-black formazan. Then, each 

cell suspension (100 μL) was mixed with an equal volume of 2 mg/mL NBT dissolved in PBS 

containing 1 μg/mL PMA and incubated at 37 C for 30 min. The samples were centrifuged at 

700 ×g for 10 min. The supernatant was discarded, and the formazan was dissolved in 200 μL of 
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DMSO. The percentage of NBT-positive cells with formazan deposits in the cytoplasm was 

determined by an ELISA reader at 572 nm. The data are expressed as the percentage of the 

control value. 

 

2.4. Flow cytometry 

Differentiation of HL-60 leukemia cells into neutrophil like cells was also monitored by flow 

cytometric (FCM) through measurement of forward and 90 degree light scatter of differentiated 

and non-differentiated cells. Two-parameter correlated analysis permitted a distinction between 

cells with increased forward and decreased 90 degree light scatter. 

 

2.5. NET production in vitro  

To induce NETosis, different agents including phorbol myristate acetate (PMA) and Calcium 

ionophore A23187. PMA is an established stimulus for NETs which bypasses cell surface 

receptors and directly activates intracellular PKC. The calcium ionophore, A23187, was used for 

the stimulation of HL60 cells to increase intracellular free calcium levels. Differentiated HL60 

cells at 1x106 cells/ml were exposed to either A23187 (4µM) or PMA (100 nM) and incubated 

for 4 hours. The extent of NET production was evaluated by different methods:  

2.6. Image capture  

Utilizing the fact that DNA is a major structural component of NETs, the fluorescent DNA stain, 

SYTOX® green and Hoechst, were used to both visualize NET release from HL60 cells, and 

also for fluorometric quantification of NET release. Cells were visualized using a fluorescent 

microscope with fluorescent filter excitation 472nm and emission 520nm. Images were captured 

using a digital camera. To demonstrate the extent of fluorescent staining, a light microscope 

image of the same field was also captured and the fluorescent and light microscope images 

overlayed as well.  

 

2.7. Cytotoxicity by Cell Glo Titer 

To assay the cytotoxicity of A23187 on HL60, CellTiter-Glo (CTG) method was used. The 

CellTiter-Glo® Luminescent Cell Viability Assay is a homogeneous method to determine the 

number of viable cells in culture based on quantitation of the ATP present, which signals the 

presence of metabolically active cells by generation of a luminescent signal proportional to the 
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amount of ATP present. The amount of ATP is directly proportional to the number of cells 

present in culture. To conduct this assay, 100 µL of HL60 and differentiated HL60 cells at 1x106 

cells/ml were seeded in 96 well plate and different concentration of A23187 were added. Then, 

100 µL of CellTiter-Glo® Reagent was added to each well and the content of the plate was 

Mixed 2 minutes on an orbital shaker to induce cell lysis. Finally, the plate was incubated at 

room temperature for 10 minutes to stabilize luminescent signal and the luminescence intensity 

was measured by Elisa reader. 

2.8. SYTOX® green staining  

For qualitative assessment of NET release, cells were seeded onto glass slides and fluorescently 

stained for visualization for extruded NETs. Cover slips were sterilized overnight at 140°C in an 

oven and coated in 0.01% poly-L-lysine (P4707Sigma) diluted in water. Slides were then placed 

in a 12 well plate. 1mL of differentiated HL60 cells at 1x106 cells/ml were placed on each well 

and allowed to settle for 30 minutes at 37°C. The cells were stimulated with designated stimulus 

(PMA or A23187) and left to incubate for up to 3 hours at 37°C. The medium was then removed 

and cells fixed with 1mL (per well) of 4% PFA for 20 minutes at room temperature. PFA was 

removed and the cells were stained with 100μl 1µM SYTOX® green in PBS (S7020 Invitrogen) 

for 10 minutes and from this point slides were kept covered in aluminium foil to exclude light. 

Cells were rinsed in PBS before the slides were mounted using aqueous mounting agent (G0918 

VWR). 

 

2.9. Hoechst staining  

To stain cells with Hoechst, the same procedure as described in previous section was conducted. 

 

2.10.  Fluorometric analysis of NET release  

The release of extracellular NET-DNA was quantified fluorometrically using a fluorescent DNA 

dye (SYTOX® green). Assays were performed in black 96-well microplates. Added to each well 

were 1x105 cells in 100μl media (DMIM 10% FCS), 25μl 10μM SYTOX® green in PBS and 

50μl PBS, the volume of which could be replaced with modulating agents as necessary. The 

fluorescence from each well was recorded at 37°C in using an ELISA reader with an excitation 

wavelength of 485nm and an emission wavelength of 525nm. After 30 minutes settling time, 

25μl of each stimulus was added and the plate was read for up to 3 hours. 
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2.11.  DNase assay of NET release  

To separate extruded NET-DNA from cellular debris, DNase was used to digest and liberate the 

DNA into the supernatant for subsequent fluorometric quantification. NETs were produced in 

black 96-well plates as previously described. 3 hours post stimulation, DNase 1 unit/ml was 

added to each well, and allowed to digest at room temperature for 20 minutes prior to 

centrifugation at 1800rcf for 10 minutes to pellet the cells. 150μl of the supernatant containing 

the liberated extracellular DNA was then read in the fluorometer for 10 minutes to quantify the 

DNA. 

2.12. NET Isolation and DNA analysis 

The HL60 cells were stimulated by DMSO, then induced by CI and finally the produced NET 

was isolated from HL60 cells by centrifugation at 18000 rpm for 20 min at 4°C. The amount of 

DNA in the supernatant was analyzed by nanodrop. 

2.13. Gel electrophoresis  

The prepared gel was used.  20 µL of sample was loaded per lane and electrophoresis was 

carried out 30 volts for up to 30 min. The gel was visualized under ultraviolet transillumination 

and an image was captured. 

 

2.14. Fluorescence-activated cell sorting (FACS) analysis 

The affinity of 2C5 toward nuleosome was investigated by FACS. Thymus calf Nucleohistone 

(TNH) was used as a model for nucleosomes. EL4 (ATCC® TIB-39™) cell line, murine 

Lymphoblast from blood, was added in microtubes to a concentration of 2× 106 cells/mL RPMI 

containg 10% FCS. Then, 2C5 was added to the medium and kept for 30 min. the cells were 

wash 3 times by centrifugation at 500 g for 5 min and resuspend them in ice cold PBS. 1 μg/mL 

of fluorochrome-labeled secondary antibody was added and incubated for at least 30 min in dark 

at room temperature or 4°C. Next, the cells were washed 3 x by centrifugation at 500 g for 5 min 

and resuspend in 500 µL to 1 mL of ice cold PBS, 10% FCS. The cells were analysed the cells 

on the flow cytometer as soon as possible. 

3. RESULTS& DISCUSSION 



 

The neutrophils recruited from the peripheral vasculature to the diseased or infected tissues are 

the primary source of NETs, it is these cells that are routinely isolated and used to study 

NET release in response to stimuli

neutrophils for scientific study and in consideration of the multitude of influ

cells may be exposed to in the peripheral bloodstream before experimentation, the human 

promyelocytic cell line, HL60, was

followed by a proper NET inducers

optimized NET production techniq

between experimental approaches employed in subsequent studies. The NET detection methods 

includes Visualization by stain

quantification of SYTOX stained DNA, and

extracellular NET-DNA liberated by 

 

3.1. Visualization of HL60 cells with wright Giemsa

Wright and Giemsa stains are Romanowsky stains used to stain peripheral blood and bone 

marrow smears in order to evaluate 

Fig. 1 shows the wright Gimsa stained HL60 cells before and after differentiation. As it can be 

seen, differentiation cause cell to get closer to 

cells.   

Figure 1. Microscopic image of differentiated and non differetiated HL60 cells stained by wright Giemsa
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3.2. FACS analysis 

Side-scattered light of FACS is usually used to 

the cell. Highly granular cells with a large amount of internal complexity, like neutrophils, will 

produce more side-scattered light, and a higher side

granularity and complexity. The results of 

compared to the non-differentiated HL60 cells, there are two distinct population

them can be related to the differentiated cells.

Figure 2. The FACS results of differentiated and non differentiated HL60 cells.
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3.4. Cell tite Glo cytotoxicity

A23817 have been used widely to induce NETosis by researchers. To find proper concentration 

of A23817 hoping to avoid the cell death due to the toxicity of A238917, CTG assay was used to 

evaluate its toxicity in the concentration range of 1
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Figure 3. Quantitative analysis of HL60 differentiation 
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Figure 4. Cytotoxicity of A23817 toward HL60 and dHL60 cells
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Figure 5. Microscopic images of HL60 
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. Microscopic images of HL60 before induction by A23817 stained by SYTOX and Hoechst
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Figure  6 . Microscopic images of HL60 after induction by A23817 stained by SYTOX and Hoechst
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Figure 7. Microscopic images of HL60 after induction by A23817 stained by SYTOX
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Microscopic images of HL60 after induction by A23817 stained by SYTOX and Hoechst 
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Figure 8. Microscopic images of HL60 after induction by A23817 stained by 

3.6. Fluorometric quantification of NET release 

In order to enable quantify the extent of 

generated by DNA-bound Hoechst

throughput approach, the fluorescently 

format and fluorescence quantified throughout the 

and for 90 minutes post stimulation, relatively low levels of fluorescence were detected 

indicating that relatively few dead cells were present and 

240 minutes post stimulation, fluorescence levels increased steadily. 

case of HL60d the amount of extracellular DN

the HL60 and dHL60 without NET induction agent.
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Microscopic images of HL60 after induction by A23817 stained by  Hoechst 

Fluorometric quantification of NET release  

the extent of NET release; fluorometric analysis of the light output 

Hoechst dye was used (Figure 9). To develop this technique for a high 

throughput approach, the fluorescently labeled extracellular NET-DNA was assayed in a 96

and fluorescence quantified throughout the 4 hour incubation period. Prior to stimulation, 

minutes post stimulation, relatively low levels of fluorescence were detected 

indicating that relatively few dead cells were present and that NET release was minimal

minutes post stimulation, fluorescence levels increased steadily. The results show

the amount of extracellular DNA significantly increased after 2 hr compared

NET induction agent. 
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Figure  9 . Fluorometric quantification of NET release 

It is believed that in addition to the time of NETosis, the confluency of dHL60 cells are another 

role-playing factor in the NETosis process. The fluorescence intensity of cells with different 

concentration (3.1-100×104 cells/mL) was measured after staining with Hoechst. As shown in 

Figure 10, 5.0×106 cells/mL can be considered as the best concentration for NETosis. 

 

Figure 10. The influence of cell confluency on fluorometric quantification of NET release 
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3.7. Quantification of NET production following 

As real-time fluorescence analysis following SYTOX® staining detects extracellular DNA, the 

nuclei of dead/dying cells, a further analytical approach was evaluated which may enable a more 

specific assay of NET production. Subsequently, 

NET-DNA, as previously descr

debris the liberated DNA present in the supernatant was quantified fluorometrically. 

potential of DNase to digest NET was investigated using NHT as a model of NET structure by 

electrophoresis. As it can be seen, 

completely different from TNH exposed to the DNase

incubation time (at 3 hours) and DNA

comparison, DNase was included for the duration of the incubation (at time 0). It was 

hypothesized that DNase inclusion throughout the incubation period may enab

NET-DNA digestion and would not therefore require the additional digestion step after the 

incubation period. Figure 12 shows NET induced dHL60 cells exposed to different concentration 

of DNase (0-2 unit/mL). There is significant difference between HL60

High concentration of DNase presumably results

the surface of cell lines which in turn increase the intensity of 

Figure 11. The results of electrophoresis. the l

3.  TNH+DNase after Dialysis 

4.  TNH before DNase exposure
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Quantification of NET production following DNase digestion  

time fluorescence analysis following SYTOX® staining detects extracellular DNA, the 

, a further analytical approach was evaluated which may enable a more 

specific assay of NET production. Subsequently, DNase was used to digest the extracellular 

DNA, as previously described, and following centrifugal pelleting of cells and cellular 
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completely different from TNH exposed to the DNase (Figure 11). DNase was added after the 

3 hours) and DNA-digestion was allowed to progress for 10 minutes 

Nase was included for the duration of the incubation (at time 0). It was 

Nase inclusion throughout the incubation period may enable more complete 

DNA digestion and would not therefore require the additional digestion step after the 

shows NET induced dHL60 cells exposed to different concentration 

2 unit/mL). There is significant difference between HL60 and different

presumably results to isolate extracellular DNA effective

the surface of cell lines which in turn increase the intensity of fluorescence. 
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5.  TNH+DNase before Dialysis 

6.  TNH 

7.  TNH after dilysis 

8.  Sink solution of TNH+DNase 

9.  Sink solution of TNH 

10. TNH+DNase after Dialysis 

 

Figure 12. The effect of DNase treatment on the NET analysis 

3.8. Selectivity of 2C5 toward Nucleosomes 

EL4 cancerous cells were utilized to examine the selectivity of 2C5 towards cancerous cells by 

FACS analysis. Figure 13-15 show the results of FACS analysis on EL4 cells, 2C5 exposed EL4 

cells and the last one shows 2C5 exposed EL4 cells whish have been already were in contact 

with TNH as a model of NET. Either the size and fluorescence intensity of control, 2C5 treated 

cells shows remarkable difference while surprisingly in case of TNH treated cells compared to 

the non treated cells, there is no significant difference.   

0

5,000

10,000

15,000

20,000

25,000



17 
 

 

Figure 13. FACS data for EL4 cells 

 

Figure 14. ACS data for 2C5 treated EL4 cells 
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Figure 15. VACS data for TNH 2C5 treated EL4 cells after exposure to TNH 


