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Functional actin cytoskeleton is required in early
stage of NETosis induction
Ming-Lin Liua,b,1

Neutrophil extracellular trap formation (NETosis) is a
dynamic process featuring nuclear chromatin extru-
sion and extracellular trap formation (1) in which rup-
tures of nuclear envelope and plasma membrane are
prerequisite events. Thiam et al. (1) analyze several
important cellular events, including cytoskeleton or-
ganization, during NETosis using time-lapse micros-
copy. They conclude that NETosis begins with rapid
disassembly of actin cytoskeleton, based on the mi-
croscopy analysis of a few hundred neutrophils (1).
However, other studies have found that pharmaco-
logic (2, 3) or genetic (4) inhibition of actin assembly
decreases NET formation, indicating the role of func-
tional actin cytoskeleton in NETosis induction. To sys-
tematically explore the dynamic changes of actin, our
time course study with flow cytometry analysis (over
10,000 nonselected neutrophils at each time point)
shows that phorbol myristate acetate (PMA) treatment
gradually increased actin polymerization, reached the
peak (F-actin detected in the majority of, but not all,
cells) at 60 min, then gradually decreased to near-
baseline levels at 180 min (Fig. 1). Additionally, Met-
zler et al. (5) reported that neutrophil elastase can de-
grade F-actin in neutrophils at 30 min after exposure
to Candida albicans. These studies suggest that func-
tional actin cytoskeleton may exist for at least 30 min
to 60 min in the beginning of NETosis induction.

We recently reported that nuclear lamin B is crucial
to the nuclear envelop integrity (6), and nuclear enve-
lope rupture and NET formation are driven by PKCα-
mediated disassembly of lamin B, which is disas-
sembled into intact full-length molecules, but not frag-
mented by destructive proteolysis (6). In line with our
findings, nuclear lamin A/C is also involved in neutro-
phil NETosis (7), probably through lamin A/C phosphor-
ylation mediated by cyclin-dependent kinases (CDK) 4/6

(7). Therefore, kinase-mediated nuclear lamina phos-
phorylation is responsible for nuclear envelope rupture
during NETosis.

Nuclear translocation of cytosolic PKCα requires
intact cytoskeleton (8), and its association with cyto-
skeleton (9) is important for PKCα intracellular trans-
portation. In our study, PMA stimulation induces
nuclear translocation of cytosolic PKCα, resulting in
PKCα nuclear accumulation and the nuclear envelope
discontinuation at 60min (6), which time framematches
with the time course of actin polymerization (Fig. 1),
while inhibition of actin assembly attenuates PKCα nu-
clear accumulation and NETosis. Furthermore, CDK6 is
found to be associated with cytoskeleton, and cells
from Cdk6 KO mice showed impaired F-actin forma-
tion (10), suggesting that CDK6 activation during
NETosis (7) may be accompanied by actin polymeri-
zation. These studies indicate that functional actin
cytoskeleton may be necessary for early-stage nu-
clear translocation of PKCα (6) and CDK4/6 (7) which
are required for nuclear lamina disassembly during
NETosis.

As Thiam et al. (1) mention, cortical actin disassem-
bly is required for plasma membrane rupture, which is
a known late-stage event for extracellular trap release.
Given that chromatin forms the backbone of NETs,
release of nuclear chromatin requires rupture of nu-
clear envelope and plasma membrane. Since actin
polymerization and depolymerization are dynamic
processes that are involved in different cellular events
(10) in activated cells, actin polymerization may be re-
quired for nuclear translocation of lamin phosphoryla-
tion kinases for nuclear envelope rupture in the early
stage (3, 6), while actin disassembly may be necessary
for plasma membrane rupture in the late stage of
NETosis induction (1).
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Fig. 1. Histograms of flow cytometry analysis of actin polymerization (F-actin detected by RFP-labeled phalloidin) of PMA-treated HL60 cells
at 0, 60, and 180 min.
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