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Components of Neutrophil Extracellular Traps and their Origin
I.  Introduction
[image: ][image: ]	The body’s immune system, although extensively researched, is still not fully understood even as advanced as medical technology and research is today. The immune system is the body’s first line of defense against microbes, pathogens, and bacteria that attempt to invade and wreak havoc from within. In an effort to combat these antigens, neutrophils are sent to seek out and kill them. Neutrophils are the most abundant type of white blood cell and arguably the most viable in the immune system seeing as how they are the body’s first line of defense.  Usually neutrophils kill bacteria by phagocytosis, by swallowing it up, but in just the past decade a new development in the structure of neutrophils has been observed, neutrophil extracellular traps. These neutrophil extracellular traps (NETs) were first observed and discovered in 2004, by Brinkman et al. where stimulated neutrophils were shown to release a DNA web structure containing several antimicrobial factors and enzymes (Figure 1)1. Since then NETs have been shown as a secondary structure to capture bacteria2 and play roles in autoimmune diseases, inflammation, and even cancer.3 In addition to neutrophils; macrophages/monocytes, mast cells, and eosinophils can produce extracellular traps (ETs).4,5 These leukocytes go through a process called ETosis where the cell dies and releases a series of DNA ETs. NETosis (Figure 2)6 is can be triggered by synthetic and physiological molecules to release NETs, here are just a few in a long list (Figure 3).6 Figure 1: Electron microscope view of stimulated neutrophils producing NETs

	Although NETs and ETs have been in involved in a wide range of experiments, there is still little to be known about where some of the enzymes in NETs derive from and what structure forms them. To discern what effects the neutrophils’ ability to produce NETs, Fuchs et al. (2007), exposed neutrophils to different bacteria and stimulation methods to produce NETs.7 First, NET formation was observed after neutrophils were dyed with a die that turns the cytoplasm of living cells blue and is lost after they die which would indicate that the neutrophil dies in the process of NETosis.8 (Videos can also be viewed of this process in order to visualize the process). These neutrophils were stimulated by phorbol myristate acetate (PMA) making the neutrophil activate every protein at its disposal, and viewed to see how long it took to produce NETs. The authors concluded that neutrophils only extended NETs when the cell was dying and after the cell membrane had been ruptured confirming the theory that NETosis kills the neutrophil. However, NETs were not formed when neutrophils went through regulated cell death or if they were already dead, meaning that NETosis is a different form of cell death. Next, to determine what specifically induced NETosis, Fuchs et al. referenced previous works that had determined two things needed to happen in order to activate neutrophils in the immune system. First NADPH oxidase had to bind to the cell membrane of neutrophils and transfer electrons to oxygen in the neutrophil so that it could make reactive oxygen species (ROS) like hydrogen peroxide.9 Then granules, small particles, interfused with the neutrophil to resulting it to release its antimicrobial factors and enzymes.10 Figure 2 shows a drawing of NETosis

[image: ]The combination of these two methods is what makes neutrophils so detrimental to bacteria. It was thought that ROS factors played an important role in the formation of NETs so the authors then used neutrophils from CGD (chronic granulomatous disease) and tried the same experiment. CGD patients are known to have mutations in the NADPH oxidase and have a deficiency in the immune system.11 Neutrophils were not able to produce NETs or induce NETosis as a result to the mutations caused of the ROS factors. Knowing this information, it was deduced that ROS were an underlying regulator for NETosis, but the entire pathway is still unknown. Figure 3: List of several physiological and synthetic molecules that can induce NETosis

However, about two years later, in 2009, new discoveries made by Wang et al. showed the importance PAD4 (peptidylarginine deaminase 4) played in the production of NETs.12 PADs are enzymes that convert the amino acid arginine to citrulline in proteins. Wang et al. observed that 15 minutes after PAD4 is activated in neutrophils, they started to rupture and release web-like chromatin structures. Further investigation revealed that PAD4 sought out and targeted histone residues with arginine in them and citrullated them causing the chromatin to condense and result in the structure stated above. To test this theory, the authors treated the histones PAD4 targeted with Cl-amidine which inactivates the calcium bond it forms with histones before activating it. This resulted in an inhibition of PAD4 and NETs could not be produced. In order to find out more about NETs and their origin the goal of this proposal will manipulate neutrophil functions and test to see if all of the antimicrobial factors and DNA actually derive from neutrophils. 
II. Experiment
II.A. Summary
In order to see if the DNA structure, and antimicrobial components, and enzymes all derive from neutrophils, isolated neutrophils will be injected into mice with an induced inflammatory reaction and tracked in vivo. The mice will be euthanized 2 days after neutrophils are viewed to reach the inflammation site, and then slide samples of the inflammation site will be made and stained by immunofluorescence means so that neutrophils can be observed. For this to work there will have to be 3 controls: A positive control where neutrophils will have PAD4 inhibited a negative control in which neutrophils will be uninhibited, and a control that will be untreated. 
II.B. Inducing an Inflammatory Reaction
	To cause an inflammatory reaction in mice that will be known to stimulate neutrophils to produce NETs, a lipopolysaccharide will be sub-dermally implanted into each mouse. Lipopolysaccharides (LPS) have been proven by Brinkman et al. (2004) to induce inflammation severe enough to cause NETosis.1 LPS derive from the membranes of Gram-negative bacteria, and once detected by the immune system will simulate the body thinking there is a bacterial infection and order neutrophils be sent to the infectious site to combat it. 
II.C. Isolating Neutrophils
	About 15 mL of blood will be taken from healthy mice and then the neutrophil isolation protocol will be followed.13
1. All materials are to be brought to room temperature.
2. Put 5.0 mL of neutrophil isolation media in a centrifuge tube and layer 5.0 mL of blood over the media. 
3. Centrifuge 
4. This will result in 6 density layers, remove the top 3 layers and dispose
5. Remove the neutrophils (4th layer) and the layer of isolation media below into a new centrifuge tube.
6. Dilute the new solution with 10 mL of Hanks Buffer Salt Solution (HBSS) that does not have calcium or magnesium in it, and invert so the cells are suspended.
7. Centrifuge
8. Add 2 mL of Red Cell Lysis Buffer so that any remaining red blood cells are destroyed, and then mix the solution.
9. Centrifuge and then remove any lysed red cells
10. Add 500µL of the same HBSS solution and mix, then dilute the solution to 10 mL.
11. Centrifuge and remove any unwanted cells.
12. Resuspend in 250µl of HBSS with calcium and magnesium.

II.D. Tracking Neutrophils in vivo
[image: ]An invasive method for tracking neutrophils will be used as to not cause any additional inflammation than previously described. To do this Quantum Dots (QD) will be conjugated with an anti-body specific to the cell membrane of neutrophils. Doing this will cause the QD – antibodies to bind to only neutrophils of the mice and avoid tracking any other leukocytes and contaminate results. The QD – antibodies will be engulfed into the membrane and show a bright white dot when viewed by a high power laser (Figure 4).14 [image: ]The antibody used will be anti-Ly6G, it specifically bonds to a protein (Gr-1) in neutrophil granulocytes making it an exceptional marker. Both the neutrophils and QD – antibodies will be injected via the tail vein. The neutrophils can be viewed using the high intensity laser described by Fig4 and will look something like (Figure 5).14 Neutrophils that are to have PAD4 inhibited will first be incubated for 15 minutes with Cl-amidine so they will be incapable of producing NETs.Figure 4 shows how the neutrophils can be viewed without having to disturb the mouse


Figure 5 displays neutrophils with QDs to identify them




II.E. Immunofluorescence Staining of Tissue
	In order to detect NET structures, antimicrobial factors, and enzymes antibodies containing fluorophores (chemical compound that can re-emit light upon excitation) will be used to attach to these molecules and allow them to be viewed under a fluorescent microscope. When tissue samples are taken from the inflammation site they will first be dehydrated and sliced into 5µm samples. Next, they will be rehydrated and stained with hematoxylin and eosin. Hematoxylin binds to and colors DNA in samples while eosin binds to eosinophilic like structures (neutrophils/NETs) and allow them to be viewed. The other items to be marked are as follows: 
· Neutrophil DNA
· Calprotectin
· Myeloperoxidase (MPO)
· Cathelicidin
· Pentraxin 3 
All of these molecules are known to be associated with neutrophils and NETs but have not always been found in the structure for studies in vitro.15 Methods for staining these molecules involved using rabbit antibodies, because they contain similar DNA strands and will effectively bind to the molecules. Doing a histology report combined with these methods will determine the results. (Figure 6)15  [image: ]Figure 6
What immunofluorescence staining looks like for epithelium of mice lungs. L shows NET structures and the staining of several proteins and molecules





III. Discussion
	If everything goes as planned I would expect to see obvious evidence of NETs in the histology reports of the inflammation areas of only one of the mice. The other should only show neutrophils and no NETs because the PAD4 will have been successfully suppressed. If neutrophils contain all the required components they need for their NET structures, I should not see any fluorescent antibodies when observing the histology reports of the mice with suppressed neutrophils. Additionally the reports with NETs should reveal all of the stained molecules within the proximity of the structures. However, if evidence suggests that there are molecules associated with NETs found outside the inactivated neutrophils, then these are absorbed into the NETs by other means and said molecules do not derive from NETs but rather they are obtained by other means. Experiments may have to be run in vitro with blood samples and stimulated neutrophils to see where these molecules come from, or if not, then neutrophils could be concluded to state they have all the materials they need to fight antigens. Either way the world will be one step closer in discerning how these cells work and the mysteries behind them. 
	The problem is I need some way to track the neutrophils in vivo without causing any more harm to the mice, so if the non-invasive method does not work and I cannot tell when/if neutrophils arrive at the inflammation site then I will have no idea if they are even involved in the process other than previous research. I also do not know if suppressing PAD4 will cause any other additional changes to inhibit the neutrophil’s ability to travel through the blood. Additionally, I don’t how long the inhibition is or if the cell will regain the ability to produce NETs in a given amount of time since the experiment stimulated neutrophils immediately after suppressing PAD4. If non-invasive tracking proves inconclusive then other means of tracking maybe implemented. Growing up a mouse with labeled neutrophils would be a viable option. Then I could take blood samples from different spots on the body, including the inflammation spot, to see if the labeled neutrophils are present. 
	Neutrophils that are being injected from one healthy mouse to an infected one may be rejected since they are not the own host’s cell. If this happens then I would have to take neutrophils from the same mouse. The trouble with this is that neutrophils have a short lifespan and I would have to take them while the mice are still healthy and prior to sub-dermally implanting LPS. Then I would be required to wait for a reaction to occur and that could be as long as a few days after implantation. By this time, the neutrophils lifespan is cut short and tracking may become obsolete. The neutrophils would have to be frozen or taken from a close relative to see if they were accepted into the host allowing for optimal results. 
	Staining may also produce results that are hard to determine since the hematoxylin and eosin mark everything and not just neutrophils and NETs. These cells may not even be at the cultured sample site and nothing may show up. If so, then I may consider taking tissue samples from other sites as well as blood samples to see if NETs are produced. This would suggest that neutrophils can be stimulated by other means than by directly coming into contact with an antigen which would provide for more testing in the future. 
[bookmark: _GoBack]	Other leukocytes may play a role in an inflammatory reaction such as this and should be tracked and observed to see if they produce ETs in the same circumstances. Maybe neutrophils gain different proteins or molecules from its fellow leukocytes rather than themselves. If this is not the case then further experimentation and explanation of why some antimicrobial factors are not found but claim to associate with neutrophils.15
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Microorganisms or molecules able to trigger extracellular traps release.

Activators Cells
Activated endothelial cel Neutrophil
Antiribonucleoprotein IgG SLE Neutrophil
Aspergillus fumigatus (conidia or hyphae) Neutrophil
Autoantibodies (anti-LL-37/anti-HNP) SLE Neutrophil
Calcium HL-60 lineage, neutrophil
Candida albicans (hyphae or yeast) Neutrophil
Cryptococcus gattii Neutrophil
Cryptococcus neoformans Neutrophil
Eimeria bovis Neutrophil
Enterococcus faecalis Neutrophils
Equine spermatozoa Neutrophil

Escherichia coli Neutrophil, monocyte




image4.png




image5.png
Transillumination of 400 - 440 nm .
a Mouse

Stage
Tail Vain Injection of QDs

Objective Positioner Silicon Oil-immersion
Objective

Dichroic Mirror, X60,NA 1.3

Pinhole Disk

Fluorescence

ND Filter Wheel from QDs

705 nm Filter

Collector Disk

Concave and

Convex Lenses EMCCD Camera

500 mwW
532 nm Laser




image6.png




image1.png




image2.png




