1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Methods Mol Biol. Author manuscript; available in PMC 2022 January 01.

-, HHS Public Access
«

Published in final edited form as:
Methods Mol Biol. 2021 ; 2255: 87-95. d0i:10.1007/978-1-0716-1162-3 9.

Visualization and Quantification of Neutrophil Extracellular Traps

Mancy Tongl, Vikki M. Abrahams?

1Department of Obstetrics, Gynecology and Reproductive Sciences, Yale School of Medicine,
New Haven, CT, USA

2Department of Obstetrics, Gynecology and Reproductive Sciences, Yale School of Medicine,
New Haven, CT, USA

Abstract

Neutrophils are innate immune cells that play important roles in many physiological and
pathological processes, including immune defense and cancer metastasis. In addition to the release
of proinflammatory cytokines, chemokines, and cytoplasmic granules containing digestive
proteins, in recent years, neutrophils have been observed to release neutrophil extracellular traps
(NETS) that consist of extracellular DNA associated with antimicrobial proteins, such as histones
and myeloperoxidase. These NETS are increasingly being recognized as an important mechanism
of neutrophil host defense and function. This chapter will summarize the current literature on the
known processes of NET formation and describe in detail an immunofluorescence approach that
can be employed to visualize and quantify NETS in vitro.
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1 Introduction

Neutrophils are the body’s first line of defense against pathogens. They rapidly migrate to
sites of infection by following gradients of chemoattractants such as endogenous interleukin
(IL)-8 or bacterial A-formyl peptides where they can neutralize pathogens through several
mechanisms. Neutrophils can eliminate pathogens by phagocytosis, release of destructive
reactive oxygen species (ROS), and secretion of chemokines and cytokines that can
propagate inflammation and recruit and activate additional immune cells [1, 2]. Furthermore,
neutrophils can exocytose cytoplasmic granules containing degradative enzymes and
antimicrobial proteins that can neutralize pathogens extracellularly; this process is termed
degranulation [1, 2]. More recently, a novel mode of extracellular killing has been observed:
the release of neutrophil extracellular traps (NETS), which are DNA webs, decorated with
antimicrobial proteins and enzymes, can entrap and neutralize pathogens close to the
neutrophil [3, 4]. In addition to the antimicrobial effect of NETSs, recent studies have also
reported their involvement in the propagation of inflammation and in noninfectious disease
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settings such as autoimmunity, thrombosis, and cancer metastasis [2, 5-7]. Thus, a better
understanding of the triggers and mechanisms of NET formation and their downstream
effects may be relevant to many biomedical fields.

1.1 Composition of NETs and Their Formation

NET formation is commonly induced in vitro by chemicals such as phorbol myristate acetate
(PMA) or calcium ionophores (A23187). PMA-induced NET release requires ROS
production mediated by NADPH oxidase, while A23187-induced NET release occurs
independent of NADPH oxidase activity and instead relies on mitochondrial-derived ROS
[8]. Likewise, physiologically, £. colilipopolysaccharide (LPS)-induced NETS require
NADPH oxidase activity, while S. aureus and Leishmania induce NETs independent of
NADPH oxidase activity [9, 10]. Using PMA as the classic inducer of NETS, the
intracellular processes involved in NET release have been investigated in detail. It has been
observed that around 2 h poststimulation, there is breakdown of the nuclear envelop, which
allows enzymes such as myeloperoxidase (MPO) and neutrophil elastase (NE) to migrate
from cytoplasmic granules into the nucleus where they help facilitate chromatin
decondensation [4]. There is also activation of protein arginine deiminase (PAD)4, which
citrullinates histones 3 and 4 to aid chromatin decondensation. Around 4 h poststimulation,
neutrophils burst to release NETs consisting of nuclear DNA and associated antimicrobial
enzymes and proteins [4]. Recent proteomic studies have revealed that depending upon the
stimulus, different proteins will be associated with the NET structures and their
posttranslational modifications may also differ [11, 12]. Thus, NETs induced under different
conditions may have different biological effects. Typically, during NET release, neutrophil
membrane integrity is compromised and neutrophil death results, leading to the process
being named “suicidal NETosis”. However, other more rapid pathways have also been
reported, including “vital” NET release, where neutrophil viability and function are not
compromised after NET release [7, 13, 14], and the release of NETS that are composed of
mitochondrial DNA [14-16].

1.2 Visualizing NETs

NETSs are commonly visualized ex vivo or in vitro by fluorescence microscopy after staining
with a DNA-binding dye and/or immunofluorescence using antibodies against MPO, NE,
and/or citrullinated histones that are specific to NET formation. Several groups have also
examined NETS by electron microscopy, reporting that NETs are made up of 15-26 nm
wide filaments with 25-60 nm globular domains [3, 17]. NET release can also be visualized
in real time using intravital microscopy or live-cell imaging [18-21]. In culture, NETs
typically appear spread out and filamentous; however, in vivo, NETs appear round and
aggregated, likely to indicate spatial restrictions of the tissue.

1.3 Quantifying NETs
In addition to qualitatively visualizing NETs, NET release can also be quantified. The most
common methods include quantification of the area covered by extracellular DNA after
staining, [22] fluorescence spectroscopy of the culture media after adding DNA-binding
dyes, or a modified ELISA against MPO-DNA or NE-DNA complexes characteristic of
NETSs [23]. More recently, a new method of quantification using multispectral imaging flow
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cytometry was reported [24] and algorithms for automated quantification of fluorescence
images have been made available [25, 26]. However, for all of these methods, in particular,
when detecting NETS in vivo, care should be taken to conclude the formation of NETs as
opposed to ETs derived from other innate immune cells since monocyte and macrophage-
derived ETs have also been reported to be associated with MPO and elastase that were first
thought to be neutrophil-specific [27, 28 ]. Quantification of extracellular DNA using DNA-
binding dyes may also be confounded by cell-free DNA. Thus, the appropriate controls must
be included to rule out cell death, such as necrosis, which would lead to the release of cell-
free DNA.

2 Materials

2.1 Equipment

2.2 Reagen

Sodium heparin-coated vacutainers.
50 ml Conical tubes.

Plastic 1.5 ml Pasteur pipettes.
12-Well flat-bottom culture plates.
24-Well flat-bottom culture plates.
Black flat bottom 96-well plates.
Large volume centrifuge.

Centrifuge.

© ®©®© N o o &~ w D P

Tissue Culture Hood.

=
©

Tissue Culture Incubator.

[N
=

Inverted confocal fluorescence microscope.

=
N

Fluorescence plate reader (excitation: ~480 nm; emission: ~520 nm).

ts
Hank’s balanced salt solution (HBSS) without Ca2* and Mg2* (see Note 1).

12% Dextran solution: v/v, diluted with HBSS without Ca%* and Mg?2*.
Histopaque® 1077 and 1119.

1.8% saline solution: 1.8 g NaCl in 1 L distilled water and sterile filter.
OptiMEM medium.

RPMI11640 medium.

N o o ~ W N P

Fetal bovine serum (FBS).

1.HBSS without calcium and magnesium is used throughout the experiment to minimize neutrophil activation during the purification

and staining steps.
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Goat serum.

Phosphate-buffered saline (PBS).

0.05% PBS-T: Tween-20 in PBS v/v.

4% paraformaldehyde w/v (PFA) (see Note 2).

Blocking solution for staining: 5% goat serum v/v in PBS.
Phorbol myristate acetate (PMA\) as a positive control for NET release.
SYTOX® Green Nucleic Acid Stain.

Quant-iT™ PicoGreen® dsDNA Kit.

Antibody reactive against human neutrophil elastase.
Antibody reactive against citrullinated histone 3.
Antibody reactive against myeloperoxidase.

Secondary antibody solution: 1:500 v/v Alexa Fluor® 564-labelled antibody in
blocking solution.

The methods described below outline the process for (1) human neutrophil isolation from
peripheral blood; (2) neutrophil culture; (3) immunostaining of NETS; and (4) spectroscopic
quantification of NETSs.

3.1 Isolating Human Neutrophils from the Peripheral Blood

1

Collect blood by venepuncture into heparin-coated vacutainers. Proceed with the
subsequent steps using sterile reagents in a tissue culture hood.

Pool blood into a 50 ml conical tube and add dextran to form a 1.2% solution.
For example, for 30 ml of whole blood, add 3 ml of 12% dextran.

Invert 5-10x gently to mix and leave at room temperature for 20 min for red
blood cells (RBCs) to settle.

While RBCs are settling, set up 15 ml conical tubes with 3 ml of Histopaque®
1119 at the bottom and carefully overlay this with 3 ml of Histopaque® 1077. If
the interface is prepared properly, there should be a sharply demarcated line
between the two Histopaque® layers. If not, discard and prepare again.

After RBCs have settled, the top layer of plasma should be transferred to the top
of the Histopaque® layers using plastic Pasteur pipettes.

Centrifuge the Histopaque/Plasma layers at 450 x g for 25 min without brakes at
room temperature to separate out the neutrophils from mononuclear cells (see
Fig. 1).

2.Care should be taken when handling PFA due to known toxicity.
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Carefully suction off the top three layers and dispose before collecting the
neutrophil layer into a new 50 ml tube.

Add HBSS (with no Ca2* or Mg?*) up to 50 ml and centrifuge at 450 x g for 10
min at room temperature with brakes.

Remove the HBSS and resuspend the cell pellet.

To remove contaminating RBCs, resuspend the cell pellet, add 25 ml of sterile
distilled water to the tube, invert to mix, and immediately add 25 ml of sterile
1.8% saline solution to restore tonicity.

Centrifuge at 450 x g for 10 min at room temperature to pellet the neutrophils.

Remove the supernatant and resuspend the neutrophil pellet in OptiMEM media
supplemented with 2% FBS (see Note 3).

Cells can be counted, checked for purity by flow cytometry for neutrophil
markers such as CD16b, and plated for experiments.

3.2 Preparation of Neutrophil Cultures

1

Neutrophils are seeded into sterile culture plates for NET visualization and
quantification experiments. For visualization experiments, 2 x 10° neutrophils
are seeded per well of a 24-well plate, and for quantification, 1 x 106 neutrophils
are seeded per well of a 12-well plate.

The stimulus of interest is added to neutrophils. As a positive control, 50 nM
PMA should be added to the cells.

Culture neutrophils in 37 °C/5% CO, for an optimized time-point before analysis
(see Note 4).

3.3 Immunostaining of NETs

1

Prepare a 167 nM SYTOX® Green solution just before use by diluting 1 pl of the
dye in 30 pl HBSS and then using 1 pl of this for every ml of HBSS. Store in the
dark until ready for use. SYTOX® Green is a cell membrane-impermeable DNA-
binding dye.

After the optimized treatment timepoint, take the plate of neutrophils out of the
incubator, aspirate the medium, and gently wash (see Note 5) the wells with 1 ml
of HBSS twice.

Gently add 0.5 ml of SYTOX® Green solution to each well for 15 min at room
temperature in the dark.

3-Neutrophils appear to form NETSs spontaneously when exposed to serum-free conditions, and so media supplemented with 2% FBS
are used throughout the experiments.

‘It is well-established that PMA induces optimal NET formation after 3-4 h of stimulation, but a time course study may be needed
for the stimulus of interest to ensure analysis at the right timepoint.

*To minimize disruptions to the NET structures, wash plates gently by pipetting gently down the side of each well and aspirating

from the wall of the well.
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Aspirate the dye and gently wash twice with HBSS. From this point onward,
perform all incubations in the dark.

Gently add 0.5 ml of 4% PFA to each well for 10 min at room temperature in the
dark.

Aspirate PFA and wash twice with HBSS.

Block each well with 0.5 ml of blocking solution for 1 h at room temperature in
the dark.

Prepare 0.5 ml of primary antibody solution for each well (1:100 citrullinated
histone 3 or MPO or NE in blocking solution). Be sure to include an isotype-
matched 1gG control (see Note 6).

Incubate overnight at 4 °C and wash twice with PBS-T.
Add 0.5 ml of secondary antibody solution to each well.
Incubate for 1 h at room temperature in the dark.

After washing twice with PBS-T, NETS are ready to be viewed using an inverted
confocal fluorescence microscope.

3.4 Semi-Quantification of NETs

1

Collect the neutrophil conditioned media after treatment for the optimized
timepoint (Subheading 3.2).

Centrifuge the conditioned media at 2000 x g for 5 min at 4 °C and collect the
supernatant (see Note 7).

While samples are being prepared, the Quant-iT™ PicoGreen® kit can be thawed
and 1 x TE buffer is made according to the manufacturer’s instructions using
sterile, distilled, DNase-free water.

After the supplied 100 pg/ml phage lambda DNA standard has been thawed and
thoroughly vortexed, the standard curve can be prepared following the
manufacturer’s instructions in nucleic acid- and DNAse-free Eppendorf tubes
using TE buffer. The standard curve typically ranges from 1 ng/ml to 1 pg/ml,
but can be diluted down to 25 pg/ml with accuracy.

In black flat-bottom 96-well plates, prepare different dilutions of each
conditioned media using TE buffer to determine the optimal dilution required for
downstream analysis. From our experience, culture of 1 x 108 neutrophils in 1 ml
of media with 50 nM PMA for 4 h requires a 1:4 dilution of the conditioned
media prior to analysis for the sample fluorescence to fit within the fluorescence
levels of the standard curve. (Once the optimized dilution has been determined,

6.1f dual staining with both citrullinated histone 3 and MPO or elastase antibodies is desired, DAPI or Hoechst 33342 will need to be

used as the DNA stain.

‘At this point, the supernatant can be stored at —80 °C until analysis.
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samples can be diluted in each well, i.e., First pipette 75 pl of TE buffer into all
wells, followed by 25 ul of each sample).

6. Standards should be analyzed in duplicate, and each sample should be analyzed
in triplicate.
7. Once all standards and samples have been pipetted into the plate, prepare the

PicoGreen® dye by diluting the provided dye stock in TE buffer 200-fold in a
plastic container. This solution is susceptible to photodegradation, and so prepare
just before use and store in the dark.

8. Vortex the dye solution thoroughly and pipette 10 pl of the dye to the side of
each well. The dye droplet will fall and mix with the sample over time.

9. After the dye has been added to all wells, ensure that the dye droplet has mixed
with each sample by tapping the plate side to side gently. From this point
onward, the plate is light-sensitive and should be covered.

10.  Incubate the plate at room temperature for 5 min and then read using a
fluorescent plate reader (excitation: 480 nm; emission: 520 nm).

11.  Using the fluorescence levels from the standard curve, the total amount of
extracellular DNA in each conditioned media can be calculated (see Note 8).
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Plasma

PBMCs

Histopaque

Neutrophils

RBCs

Isolation of neutrophils using Histopaque®. Neutrophils can be separated from peripheral
blood mononuclear cells (PBMCs) and red blood cells (RBCs) by centrifuging blood plasma
on layers of Histopaque® 1077 and 1119
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