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1. Introduction

For decades, neutrophils were considered to be a 
significant infection defender for both innate and 
acquired immune systems. It was understood that 
neutrophils act in two ways: either by releasing 
antimicrobial proteins through degranulation into 
extracellular space or by phagocytosis of pathogenic 
microbes. However, a series of recent findings suggest 
that neutrophils could play their roles in another way: 
neutrophils extracellular traps (NETs) (1). 
 NETs were first found in 2004 (2). When neutrophils 
are activated, they can form extracellular fibrous 
structures composed of DNA and some proteins from 
azurophilic, specific and tertiary granules derived 
from activated neutrophils. Among these components, 
histones comprise the highest proportion of NETs 

(3). The remainder of proteins that exist on the DNA 
scaffold include granular protein, cytoplasmic proteins, 
cytoskeletal proteins, and some other enzymes. Most 
of these molecules have been shown to participate in 
both direct and indirect pathogen-killing mechanisms. 
With such a number of proteins, as a result, NETs can 
influence the internal environment in different ways (4).
 Although NETs play an important role in killing 
pathogenic microbes like bacteria or fungi, in some 
conditions when it is excessively generated, NETs can 
do harm to the human body (5). For instance, evidence 
showed that is can promote vasculitis and thrombosis. 
Moreover, NETs have been implicated in sterile 
inflammation diseases such as rheumatoid arthritis and 
systematic lupus erythematosus (6). 
 Recently, some studies have found that NETs are 
also involved with tumors. Nevertheless, these results 
go in two different directions: one is NETs can promote 
tumor proliferation, invasion, and metastasis, while 
the other suggests that NETs can inhibit cancer cell 
proliferation and invasion. Since this research was 
performed under different experimental conditions and 
the diseases being studied were different, there is not a 
clear conclusion on how NETs affect tumors or whether 
it is a pro-tumor factor or an anti-tumor factor.
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Therefore, in this review, we aimed to elaborate on 
these findings and explore how NETs affect tumors 
and which mechanism could be a potential therapeutic 
target.

2. Formation of NETs in tumor progression

The formation of NETs also referred to as "NETosis" 
is a complicated process. It is related to the regulation 
of peptidyl arginine deiminase 4(PAD4) and reactive 
oxygen species (ROS). PAD4 could convert histone 
methylarginine residues to citrulline by a novel reaction 
termed demethylimination (7). The mouse with PAD4 
knocked out can't generate NETs (8). However, NETs 
added with wild neutrophils can be generated again. 
Taken together, these findings suggest that PAD4 is 
an important factor that could regulate the formation 
of NETs. Another researcher found that when phorbol 
myristate acetate (PMA) adds to neutrophils, it could 
oxidize nicotinamide adenine dinucleotide phosphate 
(NADPH). NADPH-oxidase activation generates the 
superoxide anion (9). A series of down enzymes convert 
the superoxide to a series of other reactive oxygen 
species (ROS). After that, neutrophils release the DNA 
and relevant protein to form NETs. 
 Currently recognized stimuli for NETs formation 
and release include Nitric oxide (10), cytokines (11), 
microbes and their products (12), antimicrobial peptides 
(13) and some medicine like statins (14). The recently 
discovered anti-bacterial mechanism of NETs indicated 
their positive role in infections. There is an abundance 
of data suggesting that the processes between 
inflammation and neoplasia are kind of similar. The 
mediators and effector cells were found to be critical 
in the promotion and progression of the neoplastic 
process. Thus, people hypothesized NETs could be 
crucial in tumor development progress.
 High expression of NETs is found in some 
malignant cancers. For example, researchers found 
that in the specimens of 8 patients with Ewing sarcoma 
there is a high expression of NETs and tumor-associated 
neutrophils. And in 2 of 8 patients, they observed 
NETs deposition in the tumor focus (15). Moreover, 
another study found that in a 9-day-old tumor of lewis 
lung carcinoma, a large number of neutrophils and 
extracellular chromatin were observed (16). Also, 
in other malignant tumors such as breast cancer and 
lymphoma, NETs are found with immunofluorescence 
or laser scanning confocal microscopy (17,18). 
 As NETs are observed in tumor tissues, people 
wonder whether cancer cells can stimulate the formation 
of NETs. Therefore, some researchers co-cultured 
cancer cells with vital neutrophils. As expected, when 
co-cultured with vital neutrophils, breast cancer cells 
(19), diffuse large B cell lymphoma and (20) non-
small-cell lung cancer cells can stimulate neutrophils 
to form and release NETs. Cancer cells themselves can 

be an antigen to initiate NETosis and it can also release 
cytokines or make normal tissue damaged to generate 
nitric oxide to do the same. A study has proved that 
tumor-derived cytokine, IL-8 or murine homologue, can 
induce the formation of NETs. Besides, with the tumor's 
growth, it can lead to tissue damage and intravascular 
tumor thrombosis which can cause ischemic necrosis 
(21). Taken together, those factors can all stimulate the 
formation of NETs.

3. Controversial effect of NETs in tumor disease

Some researchers investigated whether NETs have 
correlations with tumor patients' prognosis. Interestingly, 
the prognosis depends on the tumor type. In breast 
cancer (19) and lung cancer (22), a larger amount of 
NETs are observed at an advanced stage than in the 
primary stage. And NETs levels could be an independent 
prognostic factor in pancreatic ductal adenocarcinoma 
(PDAC) (23). Tumor-infiltrating NETs predicted poor 
postsurgical survival of patients with PDAC. NETs 
were an independent prognostic factor in PDAC and 
incorporation of NETs along with the standard TNM 
stating system refined risk-stratification and predicted 
survival in PDAC with improved accuracy. 
 Those studies above all suggest that NETs indicate 
poor prognosis. Nevertheless, there are studies 
that suggest NETs deposition in tumor tissue has a 
cytotoxic effect. In malignant melanoma, NETs play 
an antineoplastic role (24). In the ulcerated area, the 
researchers detected more NETs, and NETs can come 
into contact with tumor cells. Then, surprisingly, they 
found that contacting NETs can inhibit melanoma cell 
migration and viability.

4. Anti-tumor effect of NETs

There is speculation that NETs play an anti-cancer 
role because of its direct killing of cancer cells or 
stimulation of the immune system to fight against the 
tumor.
 Myeloperoxidase (MPO) is a component of NETs. 
MPO is present at 71.3 mg per gram of NET DNA, or a 
1.01 molar amount (25). MPO could kill melanoma cells 
and inhibit their growth after implementation. The study 
found that patients with chronic granulomatous disease 
fail to make NETs because of the mutations that disrupt 
the ability of the nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase to generate superoxide, 
which dismutases to hydrogen peroxide, the substrate 
of MPO. These patients are susceptible to infection and 
have a higher incidence of cancer than healthy people 
(26). Therefore, MPO is a representative component of 
NETs that makes NETs an anti-tumor factor.
 The components that  comprise the highest 
proportion of neutrophil extracellular trap proteins are 
histones. Especially, H2A, H2B, and H3 are present 
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release the neutrophil elastase into the extracellular 
matrix. The main physiological function of NE is to 
clear pathogens during infection. However, NE can 
also degrade extracellular matrix, which leads to tissue 
damage. Both in vivo and in vitro, neutrophil elastase 
has demonstrated a number of pro-tumorigenic roles. In 
some global NE deletion mouse models, tumor burden 
is significantly reduced, which proves that NE plays an 
important role in tumor development. 
 Using the model of lung adenocarcinoma, mice 
lacking NE showed a longer survival time than the 
control group mice with NE. In vitro, NE could 
also enhance proliferation and migration of the 
tumor cells. When the A549 cell is co-cultured with 
polymorphonuclear leukocytes, cell proliferation is 
increased. Interestingly, it is inhibited while A549 is 
co-cultured with NE-/- polymorphonuclear leukocytes. 
What's more, adding NE inhibitors into culture 
media, proliferation of the tumor cell is attenuated 
(29). The pro-tumor effects of NE were proved to be 
mediated by the phosphatidylinositol-4, 5-bisphosphate 
3-kinase (PI3K) pathway. Moreover, this NE-mediated 
proliferation of A549 cells is attenuated by specific 
PI3K inhibitors. Therefore, researchers wonder what 
is activated downstream. To that end, it was found that 
the degradation of insulin receptor substrate-1 leads 
to PI3k activation and increases proliferation (30). 
Other studies proved that NE could also increase the 
concentration of transforming growth factor α, vascular 
endothelial growth factor(VEGF) and platelet-derived 
growth factor (PDGF) in the tumor cell culture in 
the media (31). These findings suggest that NE may 
promote release of these pro-tumor factors into the 
extracellular environment, promoting interactions with 
their cognate receptors (32). Taken together, these 
mechanisms implicate the direct and indirect roles for 
NE in promoting tumor progression.
 Matrix metalloproteinase 9(MMP-9) is another 
crucial component of NETs that could promote tumor 
metastasis via the degradation of the extracellular 
matrix. In a study, a researcher found a decreased 
frequency of invasive tumors in a mice group with 
MMP-9 inhibitor. Furthermore, this finding was 
supported by immunohistochemical analysis of 
squamous cell carcinoma, which proved that MMP-
9 existed mostly in invading granulocytes. Thus, 
the authors indicated that MMP-9 is associated with 
increased proliferation of neoplastic cells. Besides, 
MMP-9 could also facilitate tumor cells by inhibiting 
apoptosis in tumor cells (33). In the study above, the 
authors demonstrated an 81% increase in metastatic 
foci after tail vein injection of LLC cells compared 
to MMP-9-/- mice. Moreover, it proved that MMP-
9 in metastatic tumor foci is derived from infiltrated 
neutrophils and NETs (34). NETs-derived MMP-9 
could also improve tumor angiogenesis, which could 
maintain both primary and metastatic tumor growth. 

in amounts of 379, 299 and 199 mg per gram of NET 
DNA. Histones, another important element of the 
NETs, are able to do damage to epithelial cells and 
consequently do damage to the blood vessels feeding 
the tumor. Also, it represents a potential attachment site 
for pathogens and carries antibacterial activity. Studies 
have shown that integrin mediates cancer cell adhesion 
by binding to fibronectin, which co-localize with 
histone H3 and the web-like structure of NETs (25).
 Not only histones provide a site for the pathogen 
to bind, but the DNA structure also plays an important 
role in capturing cancer cells. The study we mentioned 
above (24) found that when melanoma cell line A375 
was co-cultured with NETs, their ability to metastasize 
and proliferate declined. In vivo experiment showed 
the same result. However, when co-cultured with 
neutrophils' DNA in vitro or with DNase treatment in 
vivo, cancer cells' ability to proliferate and metastasize 
can't be inhibited. These findings suggest that it is the 
web-like structure but not the DNA that causes this anti-
effect. The web-like structure promotes the adhesion of 
melanoma cells similar to the mechanism for capturing 
microbes (2).

5. Pro-tumor effect of NETs

As we all know, NETs could improve immune 
capacity to eliminate microbes or cancer cells. 
However, the special structure and proteases may 
degrade extracellular matrix and promote metastasis 
of  neoplast ic  cel ls .  What 's  more,  the tumor 's 
microenvironment can predispose neutrophils to release 
NETs. Some studies hypothesized that the scaffold 
structure of NETs can stimulate platelet adhesion and 
contribute to formation of blood clots in progression of 
cancer (27,28).
 These findings suggest that NETs could promote 
tumor progression and metastasis within the tumor. 
However, there is no study to explain clearly the 
mechanism. Some published literature reports NETs-
derived components anti-tumor effects. As previously 
said, neutrophils extracellular traps component include 
neutrophil-derived chromatin, enzymes, antimicrobial 
proteins, and peptides. Some of these components 
have been proved to promote cancer proliferation and 
metastasis. These include matrix metalloproteinase 
9(MMP-9), cathepsin G, and neutrophil elastase (NE). 
It is known that NETs could adhere to cancer cells. As 
a result, the adhesion may provide a microenvironment 
for tumor cells and those functional molecules to 
contact with each other where the biologically active 
proteins have a high local concentration. These events 
can act to promote proliferation, inhibit apoptosis and 
induce metastasis.
 Neutrophil elastase is a kind of serine protease that 
is stored in azurophilic granules of neutrophils. During 
the process of "NETosis", activated neutrophils can 
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Some studies hypothesized MMP-9 takes part in 
liberating VEGF from the ECM. Inhibition of MMP-
9 with the small molecule inhibitor R94138 can cause 
a decrease of angiogenic and an 80% reduction in the 
number of tumors (35). Taken together, these findings 
suggest that NETs-derived MMP-9 is a mediator of 
angiogenesis in this animal model. Moreover, this 
effect can be inhibited by anti-VEGF antibodies. With 
the addition of heparanase, this effect can be replicated. 
These all indicate that MMP-9 promotes tumor 
progression by liberating VEGF from the extracellular 
matrix via degradation activity.
 Bes ides  NE and MMP-9,  there  i s  another 
representative peptidase in NETs that promote tumor 
progression, cathepsin G. It is a peptidase inside the 
azurophilic granules (35,36). Cathepsin G could degrade 
bacteria during phagocytosis and remodel ECM (37). 
It has been proved that cathepsin G could also facilitate 
angiogenesis and tumor cell migration. People know that 
tumor cells could aggregate in the vasculature and form 
tumor emboli at a distant location. Cathepsin G showed 
the ability to facilitate formation of tumor aggregates in 
a mouse model of breast cancer (38). This aggregation 
was mediated by intracellular adhesion via E-cadherin. 
It also proved that inhibition of cathepsin G reduced 
aggregation of tumor cells. Tumor cells aggregation 
progress is mediated by binding of cathepsin G to their 
cell surface, benefited by its enzymatic activity.

 Except for the components of NETs, the special 
structure also contributes to its tumorigenicity. First, 
it is well known that circulating tumor cells (CTC) 
contribute a lot to cancer metastasis. Due to the web-
like structure and the stickiness of it, NETs are able to 
arrest intravascular bacteria. Thus, it may be able to 
capture CTC and cause adhesion to it in the same way. 
There is a researcher who tested whether NETs could 
augment tumor metastasis. In a septic mouse model, 
which has a larger amount of NETs, after injection with 
LLC cells, enhanced tumor cells arrested by NETs could 
be directly visualized compared to healthy controls (39). 
Moreover, deletion of neutrophils abrogates this effect 
and decreases the amount of CTC adhesion within the 
liver. When neutrophils with DNase contact tumor 
cells, the effect was abrogated. This proved that it is 
NETs but not neutrophils that promotes tumors (40). 
Furthermore, another researcher used PMA to induce 
a mouse model to induce NETs. In the PMA treatment 
group, the adhesion ability of lung carcinoma cells was 
increased fivefold when compared to the control group. 
This phenomenon was abrogated when using DNase 
or NETs formation inhibitor (18). This mechanism 
may be correlated by the β1-integrin that expressed 
both NETs and a cancer cell surface. Taken together, as 
NETs could carry tumor cells just like they carry other 
pathogenic microbes to an adjacent area where there are 
more antibacterial proteins or peptides, this function of 

Figure 1. The pro-tumor mechanism of NETs. Cancer cells could promote neutrophils to release NETs. The net structure of 
NETs makes it able to catch the circulating tumor cell and carry them to other organs. The MMP-9 could degrade the extracellular 
matrix. NE and elastase on the NETs could promote tumor proliferation and migration via VEGF and PDGF signal pathways.
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it could promote tumor cell metastasis. Besides, NETs 
may promote a more malignant phenotype in cancer 
cells because of the interaction of NETs and tumor cells 
(Figure 1).

6. NETs as potential therapeutic targets

Some studies measured extracellular DNA and 
extracellular DNase levels in some patients' samples. It 
showed that mean DNase I levels were lower than the 
healthy control samples. Moreover, extracellular DNA 
levels were higher than the healthy control samples. 
For many years, researchers believed that cell-free 
DNA comes from mostly tumor cells. By now, it is 
known that NETs play a part in extracellular DNA and 
contribute to tumor progression and metastasis.
 Therefore, people hypothesized that using DNase 
I to degrade the cell-free DNA could inhibit tumor 
progression. Salganik et al. used spontaneous lymphatic 
leukemia in the mouse as an animal model to detect 
the effect of injection of DNase I. The study found that 
the injection results in a decrease in lymph node size 
and prolonged survival time by 12 weeks (41). Other 
studies found that pre-treatment of DNase I led to an 
inhibition of cancer cell metastasis (42).
 In many tumor models, we have already seen that 
DNase I treatment can reverse some pro-tumor effects 
of some factors. Thus, DNase I treatment may be a 
treatment target for cancer. Administration of human 
DNase I on adults and children with other diseases did 
not lead to severe adverse effects (43). With that, using 
DNase I alone or combining DNase I with other means 
seems available to treat some cancers. Recently, a 
number of clinical trials using DNase I treatment are in 
progress. However, there is no such treatment that can 
significantly reduce tumor size or metastasis in humans.
 As the above said, peptidyl arginine deiminase 4 
is a critical protein to regulate the formation of NETs. 
Using the PAD4 inhibitor can lead to a similar result 
inhibiting NETs formation. Nowadays, by using 
the mouse model with the PAD4 gene knocked out, 
researchers could explore various kinds of factors in a 
NETs-free microenvironment (44).
 Lastly, NETs could capture microbes threatening 
people's life. Patients with such treatment are 
susceptible to other diseases such as sepsis, and other 
life-threatening conditions. Although the treatments 
above cannot inhibit all formation of NETs, it is still a 
challenge for people to overcome.

7. Concluding remarks

Despite that there are a number of studies about NETs, 
it is difficult to prove whether NETs have a pro-tumor 
effect or an anti-tumor effect. However, in the data that 
present the anti-tumor effect of NETs, like in Fiona 
Schedel's study (24), the researcher added NETs other 

than with neutrophils into the cell culture media. It may 
be the components of NETs that play an anti-tumor 
role. These factors may have some binding sites with 
specific tumor cell surfaces. But the formation process 
of NETs and the migration of NETs can do harm to 
the peripheral tissue. Prolonged damage may lead 
to gene mutation or cause the normal cell to acquire 
tumorigenicity.
 Whatever the mechanisms of NETs are, they show 
important value in clinical diagnosis and treatment. 
The circulating NETs may be a diagnostic marker or a 
prognostic indicator. DNase I is a potential treatment, 
as well as other NETs inhibitors. Moreover, a single 
component of NETs could be a therapeutic target for a 
kind of disease. Taken together, the recent development 
and safe utilization of NETs are promising and NETs 
are warranted for further investigation in the cancer 
field. 
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