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ABSTRACT Antitumor therapy, including adoptive immunotherapy, inevitably faces powerful counteraction from
advanced cancer. If hematological malignancies are currently amenable to therapy with CAR-T lymphocytes
(T-cells modified by the chimeric antigen receptor), solid tumors, unfortunately, show a significantly higher
degree of resistance to this type of therapy. As recent studies show, the leading role in the escape of solid tumors
from the cytotoxic activity of immune cells belongs to the tumor microenvironment (TME). TME consists of
several types of cells, including neutrophils, the most numerous cells of the immune system. Recent studies show
that the development of the tumor and its ability to metastasize directly affect the extracellular traps of neutro-
phils (neutrophil extracellular traps, NETs) formed as a result of the response to tumor stimuli. In addition, the
nuclear DNA of neutrophils — the main component of NETSs — erects a spatial barrier to the interaction of CAR-T
with tumor cells. Previous studies have demonstrated the promising potential of deoxyribonuclease I (DNase I)
in the destruction of NETs. In this regard, the use of eukaryotic deoxyribonuclease I (DNase I) is promising in
the effort to increase the efficiency of CAR-T by reducing the NETSs influence in TME. We will examine the role

of NETs in TME and the various approaches in the effort to reduce the effect of NETs on a tumor.
KEYWORDS cancer, tumor microenvironment, neutrophils, NETosis.

INTRODUCTION

Unlike hematologic cancers, malignant solid tumors
form a closed structure consisting of several layers.
Cancer cells residing in the tumor center and carrying
adhesion receptors on their surface are linked by tun-
neling nanotubes and communicate with each other
through autocrine and paracrine signals transmitted
via soluble factors and the extracellular matrix. A layer
forming another niche (involving vessels, cancer-as-
sociated fibroblasts and stromal cells receiving signals
via adhesion receptors and soluble factors) lies closer to
the periphery. Farther away from the tumor’s center
lies a confined layer that is reached by stimulation or
inhibition signals from tumor cells and includes the ne-
ovasculature, intratumoral lymph nodes, immune cells,
cancer-associated fibroblasts, the extracellular matrix,
and nerve endings. The proximal (with respect to the
normal tissue) layer that involves the nearest lymphat-
ic and blood vessels, immune cells, and proximal lym-
phoid elements is considered to be the outermost layer.
The additional levels of tumor cell architecture that
influence cancer development refer to metastatic foci.
The so-called confined layer is considered a boundary
of the tumor microenvironment. The neoplasm’s com-

plex structural morphology requires the engineering
of targeted therapy based on a significant mechanistic
understanding of therapeutic agents’ penetration di-
rectly to transforming cells [1-5].

The major portion of TME consists of the host’s im-
mune cells, with neutrophils being the most numer-
ous group. Inflammation develops within the tumor
growth region, and the signals released by malignant
and tumor-associated cells recruit neutrophils, which
are converted to tumor-associated neutrophils (TANsSs).
They belong to the group of myeloid-derived suppres-
sor cells (MDSCs). MDSCs can also manifest in non-
cancer cases; however, these cells inhibit the protective
antitumor immune response in cancer patients. TANs
also receive cell death (cellular suicide) signals, which
induces a specific type of cell death accompanied by
the release of a large quantity of genomic DNA, as well
as the proteins and enzymes associated with it, which
eventually form NETs. The composition of NET's varies
depending on the type of the initial stimulus/a com-
bination of stimuli. The chromosomal DNA network
is an invariable part of NETSs. This has led research-
ers to suggest that deoxyribonucleases can be used
to efficiently degrade NETSs. Indeed, recent studies
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have demonstrated that DNase I administered to ex-
perimental mice slows the progression of a primary
tumor, inhibits the metastatic potential of tumor cells,
and increases animals’ lifespan. The hopeful results
of research focusing on the administration of purified
DNase I to mice have driven the elaboration of novel
methods for the delivery of DNase I into the body.

FORMATION OF NETS AND THEIR COMPOSITION
Neutrophil extracellular traps were discovered as one
of the defense mechanisms of neutrophils in response
to bacterial infection [6]. Released NETs impede the
transmission of pathogens in the blood flow and kill
pathogenic microorganisms [6, 7]. Later, NETs were
also found in tumor biopsy specimens from patients
with different types of cancer. Their presence correlat-
ed with poor prognosis in patients [8—11]. This discov-
ery has spurred active research into the role played by
NETSs in oncogenesis.

In the best-studied pathway leading to the expulsion
of NETs (Fig. 1), signal transduction by extracellular
signal-regulated kinase (EPK) results in the activation
of NADPH oxidase (NOX) (Fig. 1, I) and production of
superoxide radicals, which are converted to hydrogen
peroxide by superoxide dismutase (Fig. 1, IT) [12]. My-
eloperoxidase (MPO) converts hydrogen peroxide to
hypochlorous acid, and activates neutrophil elastase
(NE) (Fig. 1, II). Neutrophil elastase is responsible for
the disassembly of the cytoskeleton and nuclear mem-
brane; it allows the nuclear content to mix with the cy-
toplasm (Fig. 1, II) [13]. The conversion of the arginine
residues within histones to citrulline (citrullination)
by activated protein arginine deiminase (PAD) and
proteolytic cleavage of MPO and NE cause chromatin
decondensation (Fig. 1, IIT) [14]. Chromatin fibers bind
to granules and cytoplasmic proteins, to be eventually
expelled from the cell (Fig. 1, IV).

Production of reactive oxygen species (ROS) is the
key event in NETosis (Fig. 1, I). The mitochondrial re-
spiratory chain and NOX contribute independently to
the formation of oxygen species. Many different recep-
tors trigger the formation of NETs by activating NOX
in the classical suicidal NETosis [15] (Fig. 1, I). Identi-
cally, phorbol 12-myristate 13-acetate (PMA) mimics
diacylglycerol and activates protein kinase C (PKC) [16]
and ERK signal transduction, which is similar to the
induction of NETs by pathogenic bacteria and fungi.
Interestingly, the pathways of PMA-mediated induc-
tion of NETosis in cultivated neutrophils can differ
significantly [17].

The NOX-independent NETosis pathway is based
on the production of mitochondrial ROS promoted by
alkaline pH, which increases the inflow of Ca*" [18].
In turn, Ca*" activates SK3, one of the types of small
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Fig. 1. The signaling pathway of NOX-dependent NETosis.
Various cancer-associated stimuli increase the cytoplasmic
Ca?* concentration in TANs, which results in the activa-
tion of PKC and NOX and, therefore, leads to intracellular
production of ROS (I). As SOD and MPO interact, ROS
are converted into HCIO, leading to the activation of NE
(II). NE promotes NM degradation, and then PAD4, MPO,
and NE ensure chromatin decondensation and its mixing
with cytoplasmic granules (lll); the resulting mixture (in the
form of NETSs) is released into the extracellular space dur-
ing NETosis (V). Abbreviations: TAA — tumor-associated
antigen; cfDNA — cell-free DNA; TAA-Abs — anti-TAA
antibodies; FcyR — receptor for the fragment crystallizable
region of IgG; TLR — toll-like receptor; CXCL — cytokine
belonging to the CXC family; CXCR — CXCL receptor;

ER — endoplasmic reticulum; GR — granule; G-CSF — gran-
ulocyte colony-stimulating factor; G-CSFR — G-CSF
receptor; CS — complement system; C5a — complement
component 5a; C5aR — C5a receptor; SN — segment-

ed nucleus; NM — nuclear membrane; NE — neutrophil
elastase; MPO — myeloperoxidase; SOD — superoxide
dismutase; ROS — reactive oxygen species; PKC — pro-
tein kinase C; NOX — NADPH oxidase; cCHR — con-
densed chromatin; PAD4 — protein arginine deiminase

4; dCHR — decondensed chromatin; NETs — extracellular
neutrophil traps

conductance calcium-activated potassium channels
(SK), a crucial step in NOX-independent NETosis
[19]. PAD4 activation and histone citrullination are
clearly visible in NOX-independent NETosis. Calcium
ionophores such as ionomycin and A23187 (calcimycin)
activate PKC-C and, then, PAD4 [16], thus triggering
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NOZX-independent NETosis. Under certain conditions,
nuclear and mitochondrial DNA is released via the
NOZX-independent pathway from live neutrophils. It
was shown that ribonucleoprotein immune complexes
act upon normal neutrophils or low-density immuno-
suppressive neutrophils, thus inducing the production
of mitochondrial ROS and release of NETs containing
mitochondrial DNA from living cells [20]. In patients
with sepsis, activated platelets adhere to neutrophils
and cause the extrusion of NETs from living cells [21].

Although production of ROS and enzyme activities
play different roles in NETosis induction, the different
activation pathways result in the formation of NETs
exhibiting similar bactericidal capabilities [22].

Along with ionophores and PMA, there are more
than a dozen substances capable of inducing NETosis,
which can be used in vitro to analyze this process [10].
A proteomic analysis of NETs induced by various stim-
uli has revealed 330 proteins within these NETs; 74 of
these proteins were present regardless of the method
used for NETosis induction, comprising a pool of key
elements that characterizes any type of the known
NETs [23, 24].

THE ROLE OF NETS IN TUMOR PROCESSES

The data on the link between NETs and cancer pro-
gression have driven intense research into the func-
tions of NETs in different tumor types. It was reported
soon after that NETs have a direct impact on the pro-
liferation of tumor cells through proteases or activating
signaling [25—28].

Cancer cells are one of the reasons for NETosis
Cancer cells were shown to be able to induce NETosis
both in vivo and in vitro [11], and the link between
TANs and NET formation was also demonstrated [11,
29—31]. Thus, it has been found in vitro that the human
pancreatic tumor cell line (AsPC-1) induces NET for-
mation [32]; the extracellular proteins expressed in this
cell line are considered to play a crucial role in NETosis.
The study has also demonstrated that NETs enhance
the endogenous thrombin potential of normal plasma
and induce the migration, invasion, and angiogenesis
of cancer cells [32]. As shown in another in vitro study,
extracellular RNAs from Lewis lung carcinoma cells
cause NET formation [33].

Neutrophils in mice with chronic myeloid leukemia,
breast or lung cancer are more susceptible to NETosis
than those in healthy animals. The high susceptibility
of neutrophils to NET formation in these pathologies
correlates with the systemic effect tumors have on the
organism [34, 35].

Neutrophil recruitment by a conditioned medium
from hypoxic cancer cells was observed in vitro. Cell

migration was mediated by high levels of chemokines
and HMGBI1, which can also generate NETs in the TME
[31]. Tohme et al. [31] have recently shown that NETs
promote tumor cell growth by enhancing their mito-
chondrial function. Furthermore, tumors implanted
subcutaneously grew faster in control mice than in
PAD4 knockout (PAD4-KO) ones in these researchers’
experiments. PAD4-deficient mice had fewer hepatic
metastases compared to the control group. Recombi-
nant DNase I injected intraperitoneally also reduced
the number of metastases in PAD4 wild-type mice.
Immunofluorescence staining of tumor tissue slices in
PAD4-KO mice showed a very low level of neutrophil
infiltration compared to the control. Overall, these
data emphasize the pivotal role played by neutrophil
recruitment and NET formation in tumor growth and
progression [31]. Park et al. also revealed a close rela-
tionship between metastatic cancer cells, neutrophil
recruitment, and NET formation [11]. They showed
that metastatic breast cancer cells induce NETosis that
maintains metastases due to NETs. Cytokine CXCL1
mediated neutrophil recruitment in tumor in mice with
orthotypically transplanted breast cancer cells: 4T1
(metastatic) and 4T07 (non-metastatic). Primary 4T1
tumors were found to contain more neutrophils than
4T07 tumors do. The lower CXCLI1 level in 4T1 cells
reduced neutrophil infiltration in the tumor. It was
shown by immunofluorescence staining of lung tissue
slices that NETs form immediately after 4T1 has been
injected into the tail vein. Furthermore, metastatic
cells released a granulocyte colony-stimulating factor
(G-CSF), which induced NETosis around these cells,
while antibodies blocking G-CSF significantly reduced
NET formation after injection of 4T1 cells [11].

NETs are involved in circulatory disturbance

Changes in blood vessels and increased neutrophil infil-
tration in the heart and kidney resembling the systemic
lesions in cancer patients were revealed in RIP1-Tag2
(spontaneous insulinoma) and MMTV-PyMT (breast
cancer) transgenic mice. Furthermore, platelet—neu-
trophil complexes were detected in the kidney of these
animals, an indication of NET formation. It is note-
worthy that this phenomenon was observed in none
of the analyzed healthy mice [36]. It was shown earlier
that platelets drive neutrophils to release NETSs, thus
promoting bacterial death [21]. Olsson et al. found that
accumulation of NETs in the vasculature was related to
the activation of the proinflammatory adhesion mole-
cules ICAM-1, VCAM-1. and E-selectin, as well as the
proinflammatory cytokines IL-1b, IL-6 and chemokine
CXCLI1. DNase I injected to ensure NET degradation
normalized renal and cardiac perfusion and prevented
vascular occlusion in these organs. The results of this
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study strongly suggest that NETs mediate the detri-
mental harmful effects of tumors on distal organs by
disrupting tumor vasculature and increasing the likeli-
hood of inflammation in them [36].

In case of pancreatic adenocarcinoma (PA), NETs
and platelets play a crucial role in blood hypercoagula-
tion, which increases the risk of venous thromboem-
bolism and cancer-associated thrombosis both in the
orthotopic PA model in C57BL/6 mice and in patients
[37]. Berger-Achituv et al. [8] showed that TANs are
found in diagnostic biopsy specimens from children
with Ewing sarcoma. In two specimens, NETs were
produced due to TANs. These patients had metastases
and early tumor recurrence after high-dose chemo-
therapy, thus indicating that NETs might play a role in
the progression of Ewing sarcoma [8]. The association of
NETs with altered coagulation in patients with tumors
attests to the important role of NETs in cancer. NETs
stimulate cancer-associated thrombosis, a symptom ac-
companying a very poor prognosis [26, 38]. The levels of
circulating NETs were also measured in patients with
hepatocellular carcinoma (HCC) by assessing the levels
of the respective markers (DNA—histone complexes,
double-stranded DNA, and NE). Markers of contact
phase activation (factor XIIa and high-molecular-
weight kininogen) were measured in the same way.
The levels of NETs and markers of contact phase ac-
tivation were higher in patients with HCC compared
to those in healthy subjects in [39]. Jung et al. revealed
a correlation between the high levels of NET markers
and hypercoagulation observed in patients with ma-
lignant pancreatic neoplasms [32]. Furthermore, the
plasma levels of citrullinated histone H3 (H3-cit) were
higher in late-stage cancer patients compared to those
in healthy subjects while an elevated H3-cit level was
found in the neutrophils of cancer patients. In addition,
the plasma level of H3-cit in cancer patients did cor-
relate with the levels of NETosis activators: NE, MPO,
interleukins-6 and -8 [40, 41].

An elevated level of NETSs correlates with

the presence of a tumor process

Spontaneous intestinal neoplasia in mice correlates
with the accumulation of immunosuppressive pro-on-
cogenic low-density neutrophils with an N2 phenotype,
activation of the complement receptor C3a, and NET
formation [42].

A positive correlation between an elevated plasma
level of NETs and various tumor processes was re-
vealed in studies that compared cancer patients and
healthy subjects. Li et al. detected NETs in the lung
tissue, peripheral blood, and sputum in patients with
lung cancer [33]. In patients with colorectal cancer, the
levels of NET's produced by neutrophils after in vitro
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stimulation were significantly higher than those in the
control group consisting of healthy subjects and came
with an unfavorable clinical outcome [10]. Park et al.
demonstrated the presence of NETSs in patients with
breast cancer. NETs were also detected in lung metas-
tases in this case; the highest percentage was revealed
in patients with triple-negative breast cancer [11].
Identically, Tohme et al. [41] found that the amount
of TANs and NETs in the histopathology specimens of
hepatic metastases from colorectal cancer patients was
increased compared to that in healthy subjects. Fur-
thermore, high levels of citrullinated histones were also
detected in tumors, being indicative of NETosis. The
preoperative serum levels of MPO—DNA, a reliable
marker of systemic NETosis [41], were higher in pa-
tients compared to those in healthy controls and were
associated with a poor prognosis. Therefore, the serum
levels of MPO—-DNA can potentially be a prognostic
marker in these patients [31].

NETs and cancer cells adhere to each other

Along with exhibiting local tumor and systemic effects,
NETs can promote metastasizing by entrapping cir-
culating tumor cells (CTCs) (Fig. 2, IV) [43]. Adhesion
of cancer cells to NETs and upregulated expression of
integrin beta-1 both in cancer cells and in NETs, which
seems to be a key factor of CTC adhesion to NETs,
was demonstrated in mice with intraperitoneal sepsis
mimicking postoperative inflammation. Treatment
with DNase I inhibited this process [44]. In mouse
models, NETosis and the entrapment of CTCs in lungs
caused hepatic micrometastases [45]. Finally, NETs
contributed to the development and progression of
hepatic metastases after a surgical intervention [41].
Monti et al. [46] demonstrated that different cancer
cell lines (HT1080, U-87MG, H1975, DU 145, PC-3, and
A-431) can adhere in vitro to NETs formed from neu-
trophil-like cells through the integrins a3, a B, and
a B, that were present on the cell surface. An excess
of cyclic peptide RGD inhibited the adhesion of cancer
cells to NETs to a level similar to that observed during
hydrolysis of NETs by DNase L.

NETs induce metastases

In addition to all the functions described earlier,
NETs awaken dormant cancer cells (Fig. 2, I). The in-
volvement of NET in tumor recurrence was recently
established [47]. Chronic lung inflammation caused
by tobacco smoke or nasal instillation of a NETosis-ac-
tivating lipopolysaccharide was found to promote the
activation of dormant cancer cells and metastasizing.
NETs were found bound to the extracellular matrix
and triggered laminin cleavage and remodeling to
give rise to a new surface epitope, which initiated
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the proliferation of dormant cells by activating inte-
grin and transducing signals through the FAK/ERK/
MLCK/YAP kinase pathway. The in vitro and in vivo
NET degradation by DNase I suppressed metastasiz-
ing. Monteiro et al. [47] assessed the ability of isolat-
ed NETs to change the phenotype of human breast
cancer cells to a pro-metastatic one. NETs change the
typical morphology of MCF7 cells from the epithelial
phenotype to a mesenchymal one, when the migratory
properties of a tumor are enhanced and there are typ-
ical signs of epithelial-mesenchymal transition (EMT)
such as elevated levels of N-cadherin and fibronec-
tin. Meanwhile, the E-cadherin level was found to
decrease. Interestingly, NETs positively regulate the
expression of genes encoding several factors associ-
ated with proinflammatory and pro-metastatic prop-
erties. Comparison of the Cancer Genome Atlas and
RNA sequencing data revealed that specimens taken
from patients with breast cancer show a significant
correlation between the expression of the protumor
genes and the expression of the genes whose prod-
ucts are involved in the interaction with neutrophils.
Therefore, NETs drive the pro-metastatic phenotype

Neutrophil

Fig. 2. The diverse effects of
NETs. NET granules contain
fragments that promote dormant
cancer cell awakening and
change their phenotype to a
metastatic one (I); NETs also
contain suppressor molecules
(PD-L1), which interact with
cytotoxic cells and suppress
their activity (Il); DNA filaments,
the key component of NETs,
ensnare tumor cells, thus acting
as a steric hindrance to the inter-
action with cytotoxic cells (lll);
the awakened cancer cells leave
; the microenvironment and enter
¥ blood vessels; these circulat-
ing cells are entrapped in distal
tissues via NETs, which promotes
metastasizing (V). Abbrevia-
tions: dCHR — decondensed
chromatin; NETs — neutrophil ex-
tracellular traps; GR — granule;
b PD-L1 — programmed death
ligand 1; PD-1 — PD-L1 receptor;
CTL — cytotoxic T lymphocyte;
CTC — circulating tumor cell;
NAN — neutrophil after NETosis

Distal tissues

in human breast cancer cells by activating the EMT
program.

NETSs suppress the activity of cytotoxic cells

In addition to the functions already listed above, an
important function of NETs is that they “hide” can-
cer cells from cytotoxic immune ones. In their recent
study, Melero et al. [48] showed that CXCL chemok-
ines released by tumor cells induce NETosis in TANSs.
The resulting NETs envelop the tumor using DNA
filaments to form a physical hindrance to any inter-
action between T cells or NK cells and tumors (Fig. 2,
IIT). Furthermore, as established recently, NETs can
contain suppressor molecules (e.g., PD-L1) and have a
negative effect on the activity of cytotoxic lymphocytes
(Fig. 2, II) [49]. A specific role in the study of NETs
should be assigned to work on the treatment of cancer
pathologies with the help of re-programmed T cells
with induced cytolytic activity. CAR-T therapy of he-
matological cancer, taking into account the approaches
of personalized medicine, is increasingly becoming a
reality [50, 51]. At the same time, the possibilities of
CAR-T therapy for solid tumors remain very limited
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[62]. It is likely that NETSs, in this case, will become im-
portant in efforts to overcome the barriers to effective
CAR-T therapy.

METHODS FOR DETECTING AND INFLUENCING NETS
According to recent findings, NET's could turn into a
promising therapeutic target for cancer. Judging by
the crucial role played by NETSs in enhancing the met-
astatic potential of malignant cells, patients prognosis
can be improved by inhibiting NET formation and
activity [11].

Markers of NETs

To perform clinical screening of NETSs, the reference
levels of NETosis need to be identified using a stand-
ardized procedure. However, a fully reliable method
has not been reported in the literature yet. The sim-
plest techniques for detecting NET's in vivo include
measuring of the blood levels of NET-bound substanc-
es such as circulating cell-free DNA, H3-cit, NE, and
MPO. Thus, the amount of circulating free DNA was
measured in the serum specimens of patients with
colorectal and breast cancer using simple nucleic acid
staining [53, 54]. Although the amount of circulating
DNA is known to correlate with the size and grade of
breast tumor [55], the direct DNA staining technique
was not specific enough in order to measure NETosis.
The increased serum level of cell-free DNA (cfDNA) in
cancer patients can also be related to other factors such
as apoptotic and necrotic cells or the microorganisms
passing into the systemic blood flow when permeability
of the intestinal wall increases [56]. Hence, measuring
circulating MPO—-DNA conjugates is more specific to
NET formation than for assessing the cfDNA level only
[57]. H3-cit results from PAD4-mediated citrullination
during NETosis and is the most specific marker of
circulating NETs [58]. Furthermore, H3-cit can have
prognostic significance, since Thélin et al. [40] have re-
vealed that a high plasma level of H3-cit is a significant
prognostic factor of short-term mortality in patients
with late-stage cancer. Despite this, there were no
significant differences in other NET-related markers,
including NE and MPO, in severely ill patients with or
without malignant neoplasms. The reason is that these
enzymes can be released independently during neutro-
phil degranulation, in the absence of NET formation.
These findings indicate that H3-cit currently remains
the most reliable indicator of NETosis.

NETs as a therapeutic target

According to the review by Jorch and Kubes [59],
the vast majority of experimental and clinical stud-
ies focusing on NETs were conducted for noncancer
pathologies such as autoimmune or lung diseases, or
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the complications associated with autoimmune disor-
ders. Autoimmune pathologies characterized by a high
level of antibodies to DNA are of particular interest
in terms of studying the role of NETs [60—64]. Studies
involving patients with systemic lupus erythematosus
(SLE) have shown that serum DNase I is important for
the hydrolysis of NET chromatin. Moreover, in some
patients with SLE, DNase I dysfunction causes severe
renal damage, which reinforces the fact that the bal-
ance between NET formation and degradation is ex-
tremely important [65]. Based on these findings, DNase
I was tested using experimental cancer models. Thus,
treatment with DNase I mitigated disease severity in
mouse models of breast cancer [36]. Furthermore, in
the mouse model of intraperitoneal sepsis mimicking a
postoperative inflammatory environment, DNase I dis-
rupted in vivo interaction between NETs and circulat-
ing tumor cells [44]. Systemic administration of DNase
I also reduced the number of metastases in the mouse
model of metastatic lung cancer [45], while DNase
I-coated nanoparticles exhibited an even stronger
effect due to enzyme stabilization. The DNase I nano-
particles hydrolyzed NETSs in vitro and inhibited the
spread of metastatic breast cancer to the lungs in vivo,
although it had no effect on the growth of the primary
tumor [11, 66]. In a recent study [67], a novel method
for increasing plasma activity of DNase I was demon-
strated. DNase I gene transfer to hepatocytes mediated
by adeno-associated viruses after a single intravenous
injection in a mouse model of colorectal cancer sup-
pressed metastases and increased the number of CD8"
T cells in the tumors [68, 69]. These encouraging results
obtained using animal studies give grounds for per-
forming clinical trials once DNase I can be used as an
antitumor agent.

It would be reasonable to extend the application of
the inhibitors of the molecules involved in NETosis and
preventing NET formation currently employed for
non-cancer pathologies so as to use these inhibitors on
cancer patients after they have undergone clinical tri-
als. These agents include NE inhibitors, which are used
to treat the chronic obstructive pulmonary disease, and
PAD4 inhibitors. These compounds can improve the
clinical outcome for cancer patients [25] even though
the commercially available PAD4 inhibitors (e.g.,
Cl-amidine) have a short half-life in blood serum [70].
Domingo-Gonzalez et al. proposed to use prostaglandin
E, (PGE,) as an alternative inhibitor of NET formation;
through the prostaglandin receptors EP, or EP,, pros-
taglandin negatively affects NETosis both in mice and
in patients who have undergone hematopoieic stem cell
transplantation [71]. Another study has shown either
that PGE, inhibits the NET formation induced both by
cancer cells and PMA (probably due to the increased
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concentration of intracellular cAMP and reduced con-
centration of intracellular Ca®*" needed for NET for-
mation) or that antithrombin significantly inhibits the
NET formation induced by cancer cells [72]. Along with
the NETosis inhibitors listed above, the NET inhibitor
chloroquine was proved to reduce platelet aggregation,
the level of circulating tissue factor (coagulation fac-
tor III), and hypercoagulation in mice with tumor. The
same effects were uncovered in patients with cancer
[37].

Unfortunately, clinical trials are far from being con-
cluded, and the optimal method for affecting NETs is
yet to be determined (NCT03781531, NCT04177576,
NCT04294589, NCT01491230, and NCT01533779).

CONCLUSIONS

The unique role played by NETSs in carcinogenesis, in-
cluding their ability to initiate neoplastic transforma-
tion, accelerate tumor growth and metastatic spread,
not to mention enhance resistance to anticancer ther-
apy, makes NETSs a relevant therapeutic target. There
is an increasing number of promising studies that focus
on using various approaches to NETs degradation in
oncology, including the use of DNase I. The application
of DNase I implies that both NETs and cfDNA will un-
dergo degradation, which is expected to ensure a more

efficient inhibitory effect on cancer. The optimal ap-
proach to combatting NETs is yet to be identified; fu-
ture research does need to focus on NETosis regulation
and the balance between NET formation and degrada-
tion, so that NETs could be affected without disturbing
the immune system functions. Furthermore, there is
additional value in considering as cancer therapy dis-
rupters tight junctions. They maintain the integrity of
solid epithelial tumors and prevent the penetration of
bulky agents, including T cells and NK cells, into the
tumor’s depth. In the areas of the intercellular junction
of epithelial cells protein desmoglein 2 is in action. It
provides structural adhesion of neighboring cells [73].
Recombinant proteins called “junction openers” bind
desmoglein 2. They cause a temporary and specific
opening of tight junctions that allows various thera-
peutic agents to penetrate tumors [74, 75]. It seems pos-
sible that the combined use of DNase I and “junction
openers” could increase the effectiveness of anticancer
therapy, since it would facilitate the effective penetra-
tion of agents, including cytotoxic cells, into the depths
of a malignant neoplasm. @

This work was supported by the Ministry
Education and Science of the Russian Federation
(grant No. 075-15-2020-773).
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