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Heterogeneity of neutrophil spontaneous death

Yan Teng!:2, Hongbo R Luol”, and Hiroto Kambaral:*

1Department of Pathology, Harvard Medical School, Dana-Farber/Harvard Cancer Center,
Department of Lab Medicine; Children’s Hospital Boston, Enders Research Building, Room 814,
Boston, MA 02115, USA

2Research Unit of Infection and Immunity, Department of Pathophysiology, West China College of
Basic and Forensic Medicine, Sichuan University, Chengdu 610041, China

Neutrophils have a short circulating life-span (~18.5 hours) and die as they age [1]. This
type of cell death is called “spontaneous” death, and it is critical to maintaining homeostasis.
Apoptosis has long been considered the primary mechanism of cell death for aging
neutrophils, but inhibition of caspases, which are critical mediators of apoptosis, delay but
do not completely abolish cell death, suggesting that other mechanisms of neutrophil
spontaneous death exist [2, 3]. There is currently no direct evidence implicating other types
of cell death in neutrophil spontaneous death, and the precise molecular mechanisms of this
type of cell death remain unknown. Here we discuss our recent observation that neutrophil
spontaneous death is heterogeneous and includes other types of cell death in addition to
apoptosis.

Does neutrophil spontaneous death equal apoptosis?

Apoptosis is known to be a major cause of neutrophil spontaneous death, since aging
neutrophils show typical apoptotic morphology including cell body shrinkage, DNA
fragmentation, chromatin condensation, and cytoplasmic vacuolation [4-6]. The apoptotic
characteristics of aging neutrophils are often investigated by flow cytometry with anti-
annexin V antibodies, which bind to phosphatidylserine on apoptotic cells [7] and together
with the membrane-impermeable dye propidium iodide (PI) form the gold standard
evaluation of neutrophil death. We regularly use this protocol to analyze neutrophil
spontaneous death but, when capturing time-lapse video of spontaneous death with the same
staining reagents, we noticed that the time-lapse analysis did not correlate with our flow
cytometry results.

In our FACS analyses, about 30-50% of human neutrophils were annexin V/PI double-
negative (healthy), 40-60% annexin V single-positive (early apoptosis), 5-10% annexin
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V/PI double-positive (late apoptosis), and only a small fraction PI single-positive (necrosis)
at 24 hours [2]. However, by microscopy, we could see remarkably heterogeneous neutrophil
spontaneous death (Fig. 1A and Movie 1). The results were unexpected: there were many Pl
single-positive cells (10% in total), which are usually infrequent by flow cytometry (Fig.
1B). Approximately 33.7% of neutrophils were visibly annexin V/PI double-positive at 24
hours, significantly higher than the proportion generally seen by flow cytometory.
Intriguingly, most neutrophils with enlarged and swollen morphology (herein described as
“puffed” cells) appeared to be the predominant population of dead cells, consisting of about
35% of total at 24 hours.

We observed two types of “puffed” cells, namely P1 single-positive cells and annexin V/PI
double-positive cells. No annexin V single-positive “puffed” cells were seen on time-lapse
microscopy, and all “puffed” cells were PI positive, suggesting that the membrane integrity
was disrupted in these “puffed” cells. The size of “puffed” cells was significantly larger (15—
20 um) than average neutrophil size (around 8-10 um). Based on this morphology, the
“puffed” cells were clearly distinct from apoptotic neutrophils.

We next considered whether these were necrotic neutrophils. Apoptotic neutrophils are
engulfed by macrophages and cleared by efferocytosis /n vivo [4, 8]. If apoptotic neutrophils
are not sufficiently eliminated, neutrophils undergo secondary necrosis that can produce
unwanted inflammation and tissue damage. Unlike apoptotic neutrophils, significant
numbers of the “puffed” cells became PI single-positive (annexin V negative, thus bypassing
apoptotic pathways). They are therefore highly unlikely to be generated by secondary
necrosis. Consistently, while necrosis can occur when microorganisms stimulate neutrophils,
it is not considered a major cause of neutrophil spontaneous death [9].

Some activated neutrophils undergo lytic cell death, known as NETosis. NETosis is stepwise
process of signal transduction, chromatin decondensation, membrane rupture, and release of
chromatin together with granule proteins [10]. Although it is possible that the “puffed” cells
may contain decondensed chromatin, they did not release DNA fibers into the extracellular
space. Moreover, neutrophils need to be activated by specific stimuli to induce NETosis,
whereas the “puffed” cells were spontaneously generated during cell culture. Thus, the
“puffed” cells were not the products of NETosis-mediated cell death. Taken together, the
“puffed” cells are undefined dead neutrophils that appear to undergo cell death via an
unknown and distinct mechanism. Further studies are needed to understand how these
“puffed” cells are generated.

“Puffed” cells are easily destroyed by physical stimuli

There has traditionally been a consensus that neutrophil spontaneous death primarily occurs
via apoptosis. Nevertheless, we did observe high numbers of PI single-positive and annexin
V/PI double-positive “puffed” cells under the microscope. Why have we hitherto missed
these numerous “puffed” cells?

We found that physical stimuli such as pipetting efficiently fragmented the “puffed” cells,
probably due to their fragile membrane structures. Ten up and down pipetting actions,
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usually a necessary part of flow cytometry protocols, almost completely eliminated both Pl
single-positive and annexin V/PI double-positive “puffed” cells (Fig. 2A). This changed the
composition of the cell population at 24 hours and allowed the annexin V single-positive
cells to dominate, consistent with typical flow cytometry results for aging neutrophils. Thus,
we may well have ignored the dead “puffed” cells when analyzing neutrophil death by flow
cytometry and in doing so misread the true ratio of dead to healthy cells. Some protocols fix
neutrophils prior to flow cytometry, which could stabilize and protect the “puffed” cells from
physical damage. To test this possibility, we fixed the neutrophils in 4% paraformaldehyde
prior to pipetting them up and down ten times and checking the remaining cells by light
microscopy. As shown in Fig. 2B, most of the “puffed” cells fragmented and disappeared by
pipetting, indicating that fixation did not prevent damage to these cells. These results
demonstrate that there is a progressive increase in fragile “puffed” cells and apoptotic cells
during the course of neutrophil aging, generating a heterogeneous aging population. This
should be taken into account when working on neutrophils /n7 vitro.

In summary, here we unexpectedly found a population of “puffed” cells as neutrophils aged.
Neutrophil spontaneous death consists not of only apoptosis but rather a heterogeneous
collection of different types of cell death. “Puffed” neutrophils are easily fragmented by
physical stimuli (e.g., pipetting) and therefore may have hitherto been neglected when
analyzing neutrophil populations by flow cytometry or other methods that require pippeting.
It will be interesting to examine the physiological roles of these “puffed” cells and whether
they are involved in inflammatory diseases.
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Figure 1. Heterogeneity of neutrophil spontaneous death
Freshly isolated human neutrophils were cultured in 1 ml RPMI 1640 supplemented with

CaCl, (2 mM), HEPES (20 mM), 20% heat inactivated low endotoxin FBS and 1%
Penicillin/Streptomycin at density of 5 x 10° cells/ml at 37°C in high humidity. A non-
treated 24-well plate was used for cell culturing. Cells were stained with Annexin V-FITC
(BD Pharmigen) (10 pl) and propidium iodide (P1) (AnaSpec.Inc) (200 ng/ml). (A)
Neutrophil morphology at 7 hr and 24 hr. Bars indicate 20 um. (B) Classification of cell

Am J Hematol. Author manuscript; available in PMC 2018 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Teng et al.

Page 6

types based on Annexin V/PI staining and morphology. Bar graphs show percentage of each
cell types at 7 hr and 24 hr. Bars indicate 5 pm.
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Figure 2. “Puffed” neutrophils are easily destroyed by physical stimuli
Freshly isolated human neutrophils were cultured as described in Figure 1. (A) After

staining with Annexin V-FITC and PlI, cells were gently pipetted up and down using P1000
tip 10 times. Bars indicate 20 um. (B) After culturing, cells were fixed with 4%
Paraformaldehyde (PFA) for 30 min at room temperature, then gently pipetted up and down
using P1000 tip 10 times. Arrows indicate “puffed” cells. Bars indicate 20 pm.
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