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the citrullinated histone H3. Despite inflammation po-
tentially being the primary cause of the formation of 
NETs, many factors, for example chemokines, can 
also promote this phenomenon. Recently, the interest 
in NETs has increased due to their involvement in a 
multitude of pathophysiological processes. For in-
stance, they have been described to be related with 
cancer progression, cancer-related thrombosis, and 
the development of metastasis.

NETS AND CANCER

Worldwide, cancer is a leading cause of morbi-mor-
tality. Despite advances within the oncology field fo-
cusing on diagnosis and prognosis, metastasis is one 
of the main causes of cancer-related death and its 
prevention remains to be a major clinical challenge. 
On the other hand, neutrophils are the most abundant 
granulocytes in humans, accounting more than half of 
the circulating leukocytes. Many studies have associ-
ated these cells with cancer as they have been de-
scribed to function as independent markers of prog-
nosis, but more importantly, it is known that mutations 
in normal cells are not the exclusive factors initiating 
and sustaining tumor progression. The majority of the 
components in NETs have the potential to stimulate 
tumor growth, promote angiogenesis, and develop 
metastasis; this is acknowledged as most of the as-
sociated proteins have been studied prior the descrip-
tion of these complex structures2.

The first study reporting an association between 
NETs and cancer was published in 2013, suggesting 
that patients with Ewing sarcoma had a poorer prog-
nosis when intratumoral NETs were present4. Later, 
a murine model demonstrated that more neutrophils 
were recruited in the context of breast cancer cells 
that metastasized. Furthermore, these breast cancer 
metastatic cells stimulated the formation of NETs, 
which were effectively inhibited by the injection of 
DNAse I5. These findings were also corroborated in 
an in vitro model. Triple-negative breast cancer cells 
were isolated from a genetically modified mice mod-
el and from patient samples, inducing NETs when 
cocultured with both, mice and healthy human vol-
unteer neutrophils5. Although metastasis-support-
ing NETs might form in the absence of infection, 
Cools-Lartigue et al.6 used a murine model (injected 
with lung cancer cell lines) of systemic sepsis caused 

by cecal ligation and puncture to develop macrome-
tastasis that was afterward attenuated by the ad-
ministration of inhibitors of the formation of NETs, 
such as DNAse I and NE inhibitor. The authors also 
reported that NETs were sufficient to increase the 
adhesion of tumor cells within the hepatic sinusoids 
and thus considered as a neutrophil-dependent ad-
hesive mechanism6. This group also investigated po-
tential mechanisms through which NETs were in-
volved in cancer progression after interacting with 
circulating tumor cells, describing the role of β1 in-
tegrin in mediating the adhesion of cancer cells to 
NETs as this protein was expressed in both, NETs and 
tumor cells.

As the adhesive properties of NETs enable pathogen 
and platelet binding, this could also facilitate tumor 
adhesion and consequently metastasis2. Overall, it is 
currently known that tumor cells and their environ-
ment can prime neutrophils to form NETs leading to 
tumor growth2. Moreover, under inflammatory condi-
tions, neutrophils promote the trapping of circulating 
tumor cells, and thus, the potential role of NETs in this 
process is suggested. In addition, tumor recurrence 
can occur after surgical stress7. Ischemia and reperfu-
sion injury as a consequence of surgery to treat 
colorectal liver metastasis can generate NETs in mu-
rine models and accordingly, high levels of NETs, de-
tected in human serum samples of patients with 
metastatic colorectal cancer undergoing a major liver 
resection, were associated with a higher incidence of 
recurrence7.

Nonetheless, most of the studies evaluating NETs 
have been performed using in vitro or murine cell 
lines, and instead of measuring circulating NETs, 
some studies have induced their formation through-
out neutrophil stimulation. To date, only few studies 
have evaluated complexes directly from serum sam-
ples or tissue from cancer patients, and more impor-
tantly, due to the current paucity of specific anti-
bodies directed toward exclusive epitopes in NETs, 
some researches have only demonstrated the pres-
ence of neutrophils, components of NETs, or extra-
cellular DNA, and thus, it seems that there is no 
standard assay to evaluate NETs. However, the most 
specific complex to detect NETs includes DNA or 
chromatin and neutrophil proteins (NE or MPO), 
demonstrated by immunofluorescence or sandwich 
ELISA.
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On the other hand, the existence of different tu-
mor-infiltrating immune cell populations including 
leukocytes, lymphocytes, macrophages, dendritic 
cells, and mastocytes has been well documented. In 
this context, there are in vitro studies demonstrat-
ing a relationship between NETs and other cells 
from the immune system. NETs activate T lympho-
cytes and dendritic cells, and also, they intervene in 
the recruitment of dendritic cells within the tumor 
environment and the formation of a barrier between 
the immune cells and the tumor, as well as the in-
hibition of the function of the former8.

In addition, cancer has been associated with throm-
bosis, which is an important cause of death among 
this population of patients. Although the exact 
mechanism remains unknown, NETs have been de-
scribed to trigger thrombogenicity and this phenom-
enon could be explained by neutrophils themselves 
and histone release but also due to the platelet trap-
ping by NETs and the initiation of the formation of 
the thrombus2,8. In addition, some elements of NETs 
might induce platelet activation, accumulation of 
erythrocytes, and the release of von Willebrand fac-
tor, which is known as one of the main components 
of thrombus8. In vitro studies have shown that ve-
nous thrombi could be significantly reduced when 
NETs were targeted with NE inhibitor and DNAse I. 
Furthermore, data suggest that leukemia and cancer 
cells produced factors contributing to the formation 

of NETs, which were at the same time a predisposi-
tion for thrombosis2,8. The different currently ac-
cepted roles of NETs in cancer are summarized in 
figure 1.

CONCLUSION

Although evidence suggests that neutrophils alone 
can facilitate cancer progression, additionally to one 
of their main functions as the first line of defense 
during infections, recently, the formation of NETs 
and their interaction with cancer cells and other fac-
tors of the immune system appear to be mandatory 
to contribute to the development of metastasis. To 
date, the role of NETs in many types of cancer has 
not been completely defined as studies have de-
scribed this interaction in the setting of infections, 
surgical stress, or specific populations of cancer 
cells, and unfortunately, many reports have been 
limited because they failed to detect real NETs, as 
there is paucity of a standardized technique. Thus, 
further studies are required to comprehend the 
whole nature and mechanism of NETs to properly 
intervene within their formation to potentially im-
prove clinical outcomes. However, the already de-
scribed protumoral role of these complex structures 
strengthens their potential as a new prognostic 
marker of cancer.

Figure 1. Roles of NETs in cancer. NETs act as a barrier between the tumor and the cells from the immune system (step 1); 
NETs promote the tumor microenvironment (step 2); NETs associated with thrombosis (step 3); NETs capture cancer cells and 
promote migration and metastasis (step 4)8.
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