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Abstract

As an important component of innate immune system, neutrophil has been involved in many other physiological
processes, including tumor-related diseases. In 2004, the phenomenon of NETs was reported for the first time.
Extracellular decondensed chromatin, released from activated neutrophils, forms a network structure, which is
NETs. This review focuses on the function of NETs in tumor cell proliferation, metastasis, and tumor-associated
thrombosis; it also explores the application of NETs specific markers in the diagnosis of pre-thrombotic state
and tumor associated diseases; it also explores NETs inhibitor for the treatment of tumor-related diseases. In
view of the rapid development of NETs, it may provide new therapeutic targets for tumor-associated thrombosis,
and even tumor itself.
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Neutrophil is an important part of innate immune
system, with the ability of chemotaxis and phagocytosis. In
addition to the resistance of pathogenic microorganisms,
neutrophils are also involved in many pathophysiological
processes, including thrombosis, autoimmune diseases and
tumor related diseases. Plenty of studies have confirmed
that the neutrophils play a pivotal role in tumor cells
proliferation, metastasis and the process of thrombosis
formation. Either in the animal model or in the human
tumor tissues, there are neutrophils infiltrations into the
tumor tissues [1-3]. Tumor associated neutrophils can
release the elastase, matrix metalloproteinase, cytokine
and chemokine, which influence the pathogenesis of
malignant diseases at different stages, such as to promote
the tumor cell proliferation, angiogenesis and metastasis;
cellular toxicity of neutrophils can also induce tumor
cell apoptotic cell death (Mantovani, 2009; Gregory and
Houghton, 2011; Brandau et al., 2013) .
In addition to phagocytosis, chemotaxis and
degranulation, neutrophils can also participate the immune
response through extracellular release chromatin, which
formed network structure, called neutrophil extracellular
traps (NETs). NETs have first been confirmed to kill
microorganisms (Brinkmann et al., 2004; Fuchs et al.,
2007) . Recently, the role of NETs in tumor related
diseases have raised increasing attention. NETs are highly
expressed in many kinds of malignant tumor tissues,
and are involved in the progression of tumors. Here, we
summarize the role of NETs in tumor cell proliferation,
distant metastasis, and the mechanism of tumor associated
thrombosis. We also explore the application of NETs
specific markers in the diagnosis of tumor-associated
thrombosis. In view of the rapid development of NETs, it
may provide new therapeutic targets for tumor associated
thrombosis, and even tumor itself.

Introduction of NETs
In 2004, Brinkmann et al first reported that, duiring
the infection or inflammatory response phase, activated
neutrophils can positively extracellular release chromatin
and form an extracellular network structure, which is
called NETs (Brinkmann et al., 2004; Fuchs et al., 2007)
. NETs contain chromatin and granule proteins, including
nuclear DNA, histones, matrix metalloproteinase 9
(MMP-9), myeloperoxidase (MPO), neutrophil elastase
(NE), cathepsin G (CG). With deoxyribonuclease
(DNase) treatment, even without proteolytic enzymes,
NETs structure can be decomposed, thus confirming that
DNA is the backbone components of NETs (Brinkmann
et al., 2004).
The chromatin composition in NETs structure is
different from that of inside nucleus. Extracellular
chromatin of NETs is depolymerized. Chromatin
depolymerization is an essential step in the formation
of NETs, and a variety of molecular mechanisms are
involved in the regulation of chromatin depolymerization
(Brinkmann et al., 2004). It has been demonstrated that
NE translocation into the nucleus, which degraded histone
and assisted chromatin disaggregation; on the other hand,
NE deficient mice fail to form NETs (Papayannopoulos
et al., 2010).The product of MPO, hypochlorous acid,
is also necessary for the extracellular chromatin release
(Palmer et al., 2012); neutrophils without MPO activity
cannot generate NETs (Papayannopoulos et al., 2010;
Metzler et al., 2011). Wang et al. showed that the process
of chromatin depolymerization depends on the histone
citrullination, which was regulated by peptide arginine
deiminase 4 (PAD4) (Wang et al., 2009). PAD4 catalyzed
histone arginine residues citrullination; electrically neutral
coralline residues replaced positively charged amino acid
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residues, which resulted in staining chromatin structure
depolymerization (Li et al., 2010). PAD4 knockout mice
are unable to form NETs, and infused with wild-type
neutrophils to PAD4 KO mice can form NETs again, thus
proving that the release of NETs requires PAD4 (Li et al.,
2010). To understand the molecular mechanism of NETs
formation will be helpful to provide a potential target for
the regulation of NETs level.
NETs are located in the site of infection, through the
trap of bacterial, viral particles, parasites, fungi, which
prevent the spread of infection. In the NETs structure,
the concentrations of antimicrobial molecules, such as
histone, antimicrobial peptides and protease, are very
high locally, which can effectively degrade the pathogenic
factors and kill pathogenic microorganisms (Brinkmann et
al., 2004; Fuchs et al., 2007). In addition to elimination of
pathogenic microorganisms, NETs also provided unique
microenvironment for many pathophysiological situations,
including autoimmune disease, thrombotic diseases and
tumor-associated diseases (Amulic et al., 2012). NETs
provide a unique environment for the destruction of
normal immune tolerance, which can cause autoimmune
diseases. NETs clearance dysfunction can lead to a
variety of autoimmune diseases, such as systemic lupus
erythematous, rheumatoid arthritis, Felty’s syndrome and
small vessel vasculitis (Kessenbrock et al., 2009; Darrah
and Andrade, 2012). Also, NETs plays an important role
in the process of hemostasis and thrombosis, which is
closely related to the formation of venous thrombosis
(Manfredi et al., 2010). The plasma markers levels of
NETs are related to the severity of thrombus diseases, such
as thrombotic micro-angiopathy (Fuchs et al., 2012) and
coronary atherosclerosis (Borissoff et al., 2013).

NETs and tumor cell proliferation, distant
metastasis and angiogenesis
NETs are highly expressed in many malignant tumors.
There are NETs structures in lung cancer tissues and
human osteosarcoma tissues (Berger-Achituv et al., 2013;
Demers and Wagner, 2013). In the murine model of breast
cancer, non-small cell lung cancer and chronic myeloid
leukemia, the neutrophils are more prone to release NETs
structure (Demers et al., 2012). Many of the characteristics
of NETs make it possible to regulate the biological process
of malignant diseases.
Studies show that NETs can directly promote tumor
cell proliferation, distant metastasis and angiogenesis.
As mentioned above, NETs are composed of chromatin
and antibacterial proteins, peptides, including MMP-9,
CG, NE, etc. The high concentrations of antimicrobial
peptides in the local microenvironment of NETs are
indispensable for elimination of pathogen. Similar to
such a process, the role of multiple proteins in NETs
microenvironment is worthy of further study. The study
confirmed that MMP-9 was involved in tumor growth and
metastasis, including inhibiting apoptosis and promoting
angiogenesis (Bergers et al., 2000; Masson et al., 2005).
CG could promote angiogenesis (Wilson et al., 2010)
and NE had a direct effect on tumor cell proliferation and
distant metastasis (Houghton et al., 2010). Therefore, it
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can be speculated that NETs can capture circulating tumor
cells. Tumor cells are exposed to the microenvironment
with high concentration of multiple proteins, which can
promote tumor cells proliferation, distant metastasis and
angiogenesis, and inhibit cell apoptosis.
Similar to the process of capturing the pathogenic
microorganisms, NETs can anchor the circulating tumor
cells, and help them to evade the immune system. At the
same time NETs and the degradation products, which can
inhibit immune cell function (Huh et al., 2010; CoolsLartigue et al., 2013). Animal experiments confirmed
that the induction of NETs could promote formation of
metastatic nodules in the lungs and liver; and the use of
the DNase enzyme cutting the DNA backbone of NETs,
or NE inhibitors which inhibit the formation of NETs,
can significantly reduce the formation of distant organ
metastasis nodule (Cools-Lartigue et al., 2013).
At the same time, NETs can also through physical
interaction, anchor circulating tumor cells to endothelial
cells, which is conducive for tumor cells and endothelial
cell adhesion and diapedesis; and interference interactions
between neutrophils and endothelial cells, can effectively
reduce tumor cell transfer across endothelial exudation
and distant organs metastasis (Cools-Lartigue et al.,
2013; Cools-Lartigue et al., 2014). It has been confirmed
that mice injected with neutrophils can lead to increased
adhesion ability of tumor cells to the liver capillary
sinus and lung capillary by nearly 5 times. However, in
neutrophil deficient mice, the adhesion of tumor cell to
endothelial cell was significantly inhibited (Spicer et al.,
2012).
Therefore, NETs provides microenvironment to
promote tumor cell proliferation, distant metastasis and
angiogenesis. By anchoring the circulating tumor cells,
NETs help tumor cells escape from the immune attack;
also, NETs helps to adhere to endothelial cells, which is
conducive to tumor cell exudation.

NETs and tumor associated thrombosis
The incidence of deep venous thrombosis in patients
with malignant tumor is about 10-30%. Tumor associated
thrombosis seriously affects the life quality and survival
of cancer patients (Sorensen et al., 2000; Goldhaber
and Tapson, 2004). Thus, intervention of NETs has an
important clinical meaning. NETs and platelet interactions
are involved in the formation of thrombosis and tumor
related thrombosis, which provides a new target for
clinical evaluation and treatment of thrombosis (Sorensen
et al., 2000; Goldhaber and Tapson, 2004).
NETs were found in both plasma and thrombus,
suggesting that it can be used as a part of the thrombus
structure (Longstaff et al., 2013). Similarly, the NETs
structure was found in human venous thrombosis
(Nakazawa et al., 2012). Even more important, PAD4 gene
deficient mice confirmed that NETs was not only a part of
venous thrombosis, but also played an important role in the
formation and maintenance of the thrombus. PAD4 gene
deficient mice could not form thrombosis; on the other
hand, infused with wild type neutrophils, PAD4 deficient
could also form venous thrombosis (Martinod et al., 2013).

Studies show that NETs can participate in a variety
of pathways leading to thrombosis (Demers and Wagner,
2013). Similar to Willebrand-von factor and fibrin, as a
macromolecular complex, NETs can provide a mesh stent
structure for platelet adhesion and aggregation (Nakazawa
et al., 2012; Longstaff et al., 2013). Moreover, a variety
of components in NETs, including the nuclear DNA,
histone and protease, have the coagulant activity. In vitro
experiments demonstrated that extracellular DNA could
enhance the activity of proteinase (Kannemeier et al.,
2007). Histones are toxic to endothelial cells, involved in
the formation of diffuse micro-thrombus and deposition
of fibrin and platelet (Xu et al., 2009). By inhibiting the
plasma anticoagulant activity, histones promote platelet
aggregation (Ammollo et al., 2011). By inhibiting the
tissue factor pathway, NE can enhance thrombin activity
and promote the fibrin deposition (Massberg et al., 2010).
In patients with sepsis, platelets can be activated by TLR4,
and then combined with the neutrophils to produce NETs,
resulting in tissue damage and abnormal coagulation
function (Clark et al., 2007). Thus, the NETs can provide
a scaffold for platelet adhesion and aggregation, and
a variety of components in NETs can promote the
coagulation activity.
NETs were closely related to tumor-associated
thrombosis (Demers et al., 2012; Demers and Wagner,
2014).In many different kinds of malignant tumors, there
are plasma free DNA and NETs, which are closely related
to the formation of spontaneous thrombosis (Demers
et al., 2012; Demers and Wagner, 2014). The injection
of endotoxin in the tumor bearing mice can induce the
formation of NETs, which can induce the thrombus and
the blood coagulation function. Neutrophil analysis in
tumor bearing mice peripheral, confirmed the histone
citrullination level is higher, and compared with the
normal neutrophils, neutrophil is prone to the formation
of NETs (Demers et al., 2012); by DNase digestion pretreatment can prevent the occurrence of the endotoxin
injection caused NETs and pulmonary thrombosis in tumor
bearing mice (Demers et al., 2012).
Neutrophils release NETs with the presence of
highly expressed PAD4. PAD4 expression level and
citrullinated histone levels can reflect the level of NETs
in vivo (Li et al., 2010). Tumor associated thrombosis are
usually associated with the increased number of highly
citrullinated neutrophil counts in the circulation (Demers
et al., 2012; Demers and Wagner, 2014). And tumor
associated thrombotic micro-vascular disease patients
also showed that high level of citrullinated histone in
plasma, while not in healthy control group (Demers et al.,
2012; Fuchs et al., 2012). Therefore, the level of highly
citrullinated neutrophil count, and level of citrullinated
histone in plasma, can be used as biomarkers to evaluate
the formation of spontaneous thrombosis in tumor patients.
However, the use of NETs to predict the risk of tumor
associated thrombosis, its sensitivity and specificity, still
need to be further studied in large clinical samples.
NETs as a potential therapeutic target for cancer
NETs have been involved in tumor cell adhesion,
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proliferation, distant metastasis and tumor associated
thrombosis. Thus, it can be speculated that the degradation
or inhibition of NETs has potential therapeutic effect in
tumor related diseases.
The research shows that the formation and degradation
of NETs is a complicated process regulated by many
factors (Brinkmann et al., 2004). PAD4 has been found
over-expression in human malignant tumors (Chang and
Han, 2006; Chang et al., 2009). It is worth noting that
PAD4 can induce NETs structure in cancer cells (Leshner
et al., 2012), while PAD4 inhibitors can promote the
expression of P53 gene and inhibit tumor cell proliferation,
induce apoptosis, and reduce the incidence of pulmonary
thrombosis (Li et al., 2008; Li et al., 2010). However,
whether PAD4 inhibitor can be used for cancer treatment
through the formation of NETs or not, remains to be
confirmed.
In addition, in vivo studies confirmed that systemic
inflammatory response could promote tumor cells distant
organ metastasis. NE inhibitors or DNase can significantly
inhibit the circular NETs formation and reduce adhesion of
tumor cells to capillary in the liver sinus and lung capillary
endothelial cell (Cools-Lartigue et al., 2013). DNase has
been approved for the treatment of cystic fibrosis and
empyema (Makino et al., 2011). In view of this, DNase
can be used to treat tumor related thrombosis, and even to
inhibit tumor cell proliferation and metastasis. However,
the clinical use of DNase still needs to be further studied.
Similarly, could NE and PAD4 inhibitors inhibit
the formation of NETs in vivo? Whether NE and PAD4
inhibitors can be used in tumor associated thrombosis,
or even the tumor itself, still need to be further studied.
In addition, whether the NETs inhibitor has a synergistic
effect with chemotherapy, radiotherapy, targeted therapy
and immunotherapy, still largely unknown.

Conclusion and Prospect
NET opens up a new research field for the study of
tumor biological behavior and provides a novel explanation
for the interaction among tumor and inflammation and
thrombosis. Activated neutrophils release NETs, which is
involved in tumor progression through multiple pathways,
and the use of DNase or NE or PAD4 inhibitors, may be a
potential therapeutic target by blocking the formation of
circular NETs. However, whether the NETs inhibitor has
a therapeutic effect in tumor related diseases is still to be
confirmed by further studies.
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