IMMUNOREGULATION

Summer & Autumn 2020. Volume 3. Number 1

Review Article: ™
Role of MicroRNAs in BCG Therapy by the Induction
of Neutrophil Extracellular Traps in Bladder Cancer

Mohammad Mehdi Adibzadeh Sereshgi' ", Ali Mohammad Mohseni Majd', Sahar Salimi', Hassan Noorbazargan®'

1. Immunoregulation Research Center; Shahed University, Tehran, Iran.
2. Department of Biotechnology, School of Advanced Technologies in Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran.

Use your device to scan
and read the article online

[#{ELETY Adibzadeh Sereshgi MM, Mohseni Majd AM, Salimi S, Noorbazargan H. Role of MicroRNAs in BCG Thera-

E H E py by the Induction of Neutrophil Extracellular Traps in Bladder Cancer. Immunoregulation. 2020; 3(1):17-28. http:/dx.doi.
org/10.32598/Immunoregulation.3.1.3

rE-hl i : o

; d | http:/dx.doi.org/10.32598/Immunoregulation.3.1.3

e ABSTRACT
The treatment of bladder cancer is usually performed by Bacillus Calmette-Guerin (BCG) instillation.
Article info:

BCG therapy is a common therapeutic method with fewer side effects compared with chemotherapy,
radiotherapy, etc. BCG can also inhibit the progression and recurrence of bladder cancer by inducing
apoptosis pathways, arrest cell cycle, autophagy, and neutrophil extracellular traps (NETs) formation.
However, BCG therapy cannot be effective in the situation that the metastasis occurs. NETs are
induced by BCG and help suppress the growth of tumor cells, especially in the primary stages of
bladder cancer. Activated neutrophils can stimulate cellular pathways, such as autophagy and NETs
release in the presence of microbial pathogenesis, inflammatory agents, and tumor cells. Autophagy
can also regulate NETs formation and induce Reactive Oxygen Species (ROS) and NETs production.
Moreover, miRNAs are key regulators of gene expression. These small non-coding RNAs are also
considered as an essential factor in controlling tumor development. The interaction between BCG and
miRNAs is still unclear. However, in the present study and for the first time, we intend to discuss the
role of miRNAs in BCG therapy and how NETs formation can be effective on BCG performance to
treat the bladder cancer.
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progression, recurrence, metastasis, and response to ther-
apy [2, 3]. After the initial treatment of BC, a long-term
follow-up is essential to prevent its recurrence. Gener-
ally, constant surveillance includes cystoscopy every
3 months for 2 years, then every 6 months for 2 years,
and eventually annually, supposing no recurrence [4, 5].
BCQG, as a live-attenuated strain of Mycobacterium bo-

Introduction

ladder Cancer (BC) arises from the tis-
sues of the urinary bladder and is the
13" common cause of mortality and the
9th most common cancer worldwide
[1]. Conventional factors such as tumor

grade, stage, and lymphatic and vascular extension, are
prognostic indicators for BC. However, the currently-
used prognostic markers have a limited ability to predict
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vis, is similar to M. tuberculosis in antigenic composi-
tion and has been utilized for treating bladder cancer [6].
In this respect, immune responses have a crucial role to
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combat tumors. Neutrophils are the first leukocytes that
fight tumors and can produce some special compositions
that are called Neutrophil Extracellular Traps (NETs) [7].
Also, autophagy is a cellular destruction procedure in
which damaged organelles and cytosolic components are
degraded into autophagolysosome, which is created by
the fusion of phagosome and lysosome [8]. Additionally,
several studies showed that BCG (Bacillus Calmette-
Guerin) therapy can induce NETs and autophagy which
prevent tumor growth or metastasis [9, 10].

Another effective factor is epigenetic agents. microR-
NAs (miRNAs) are the noncoding small RNAs that are
identified to regulate expression of genes involved in the
control of proliferation, development, and apoptosis [11].
Moreover, various studies indicate that miRNAs can con-
tribute to suppressing the growth of tumor cells. Thus, the
imbalance of miRNAs gene expression could result in ex-
cessive proliferation. In this regard, miRNAs play a cru-
cial role in prognosis of the bladder cancer, especially the
initial phase [12]. Furthermore, miRNAs can stimulate
autophagy and neutrophil extracellular traps (NETs) for-
mation in neutrophils and inhibit tumor metastasis [13].

BCG therapy could prevent recurrence and progres-
sion of tumors in bladder cancer. However, dysregula-
tion of some cellular and molecular processes such as
autophagy pathway and NETs formation could result in
metastasis of BC [14]. The growth and proliferation of
tumor cells are facilitated by dysregulation of miRNAs
gene expression and autophagy process; also the NETs
formation could act in favor of tumor invasion [15]. In-
terestingly, therapeutic options may serve as regulator
agents to inhibit cancer progression and improve BCG
therapy efficacy through a complex network of miRNAs,
autophagy, and NETs [16-18]. Although BCG has been
administrated for the treatment of BC since many years
ago, its therapeutic effect should be more evaluated to
elucidate this matter. Thus, the present review study is to
discuss the effect of miRNAs on BCG therapy via NETs
formation in bladder cancer.

BCG therapy in bladder cancer

For the first time, the efficacy of BCG therapy for blad-
der cancer has been shown by Morales et al. [19]. In-
travesical BCG is established now as a criterion of care
for the high-risk, non-muscle invasive disease, including
high-grade papillary tumors (stage Ta), carcinoma in situ
(stage Tis, also called CIS), and lamina-propria-invasive
tumors (stage T1) [20, 21].
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In these conditions, treatment with BCG could be as-
sociated with a lower risk of recurrence com—pared with
transurethral resection alone. Also, the risk of progres-
sion to invasive disease would be reduced by using BCG
therapeutic approach [22-24]. Besides, BCG compares
favorably with intravesical chemotherapy with respect to
decreasing the risk of recurrence; however, the toxicity
of BCG can be more intense [25-27].

Neutrophil role in physiological situations
and cancer

Neutrophils are the key part of the innate immune sys-
tem and have an undeniable role in the control of infec-
tious diseases. These predominant leukocytes are among
the first blood cells seen in an inflammatory site [28].
NETs are a network of chromatin structures with the
related enzymes, including elastase, myeloperoxidase,
and cathepsin G, which were released by stimulation of
Phorbol Myristate Acetate (PMA), carcinogenesis sub-
stance. NETSs can trap, neutralize, and kill the extracel-
lular bacteria, viruses, fungi, and parasites. Moreover,
NET exclusion occurs initially via a cell death process
termed NETosis [29]. This process begins with the inter-
ruption of the nuclear envelope and continues with chro-
matin decondensation into the cytoplasm of intact cells.
Also, NETiosis can occur after the secretion of nuclear
chromatin that is accompanied by the release of granule
proteins via degranulation [30].

NETosis definition

The role of NETSs in tumor progression remains poorly
understood. The obtained evidence from some studies
suggests a potential relationship between tumor progres-
sion and intra-tumoral NET deposition in both experi-
mental models and patients with cancer [31-33]. Zych-
linsky et al. evaluated the presence of tumor-associated
neutrophils (TANs) and NETs in surgical resection speci-
mens of 8 patients with sarcoma as determined by positive
staining for extracellular myeloperoxidase (MPO) and
found that 25% of these patients (2 patients), exhibited
intra-tumor NET deposition [31]. These two patients de-
veloped early relapse after performing post-neoadjuvant
chemotherapy and surgery, although the place was not
defined in the study [31]. Therefore, it seems that Ewing
sarcoma cells can stimulate TANSs to release NETs. The
capability of tumor cells to induce neutrophils to gener-
ate NETs has been displayed in several tumor types. This
phenomenon indicates the possibility that NETs play a
fundamental role in the biology of tumors [34].
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In this regard, Demers et al. demonstrated that several
tumor types, including lung, mammary, and hematologic
neoplasms can stimulate circulating neutrophils to pro-
duce NETs [34]. The evidence presented in the litera-
ture suggests that NETs may promote tumor progression
within the primary tumor [35].

As previously stated, NETs have usually powerful
adhesive characteristics, which empower them to bind
pathogens and platelets. Thereby, NETs may also pro-
vide intravascular networks assisting tumor cell adhe-
sion in angiogenesis and metastasis. Neutrophils can
suppress circulating tumor cells, especially under in-
flammatory circumstances, which remarks the role of
NETs in this procedure [36-38]. Additional direct evi-
dence arises from a current in vitro study demonstrating
that pulmonary carcinoma cells display about five-fold
adhesion increase to NETs compared with non-stimulat-
ed neutrophil monolayers [32, 39].

Another main aspect is the role of neutrophils in the
cancer microenvironment. As regards this matter, some
studies recently performed in the field of neutrophil roles
in tumor microenvironment suggest that neutrophils ex-
hibit crucial plasticity which could be turned to N1 (an-
titumoral) or N2 (protumoral) phenotype in response
to the tumor context [40, 41]. Tumor-associated N2
neutrophils are identified by high expression of VEGF
(vascular endothelial growth factor), CXCR4 (CXC
chemokine receptor 4), gelatinase B, and MMP9 (matrix
metalloproteinase-9) and can be induced on exposure to
high TGF-f (transforming growth factor-beta) levels. On
the other hand, N1 neutrophils express immunopotenti-
ating cytokines and chemokines such as IFN-y (interfer-
on-gamma), CXCR3, and low levels of arginase. They
are also induced on TGF- B blockade and can eliminate
cancer cells [40, 42].

As regards, Berger-Achituv et al. study showed that
NETs have either pro- or anti-tumor function, depending
on factors such as tumor microenvironment and type of
cancer. For instance, within the microenvironment of the
tumor, TGF-B can induce TANs with pro-tumorigenic
features. However, TANs produce pro-inflammatory
cytokines and have tumoricidal activity without TGF-
[40]. In addition, neutrophils can enhance tumor growth
through the production of matrix metalloproteinase
(MMP)-9 that inhibits tumor cell apoptosis in the respi-
ratory tract and increases tumor angiogenesis and neo-
vascularization [43, 44]. Nevertheless, neutrophils can
also have a cytotoxic effect on tumor cells by generating
many types of reactive oxygen species (ROS) [45, 46].
Notably, a study demonstrated that neutrophils inhibit

Summer & Autumn 2020. Volume 3. Number 1

metastatic seeding by secreting hydrogen peroxide in
a mouse model of breast cancer [47]. Neutrophils also
secret defensins, which have anti-angiogenetic charac-
teristics and can lyse cancer cells, recruit dendritic cells
(DCs) as an antigen-presenting cell [48].

NETs are thought to have anti-tumorigenic effects, for
example through activating immune responses and kill-
ing tumor cells. On the other hand, NETs could have
a pro-tumorigenic function by promoting metastases.
NETs may physically take tumor cells and inhibit their
dissemination to adjacent tissues. Various components
of NETs are cytotoxic to tumor cells. MPO was dem-
onstrated to destroy B-16 melanoma cells and prevent
their growth in mice after implantation [49]. Interest-
ingly, patients with MPO deficiency probably have
a high incidence of cancer (7/14 patients, 50%) [50].
NETs can eradicate activated endothelial cells based
on a conducted study from Gupta and their colleagues,
may by histones, damaging tumor-feeding blood vessels
[51]. NE produced by TANs cleaves Cyclin E to other
isoforms with lower molecular weight and therefore fa-
cilitates their presentation to CTLs [52]. NETs have a
modulatory role and establish a bridge between innate
and adaptive immunity by activating plasmacytoid den-
dritic cells through TLRY, an intracellular receptor that
preferentially binds DNA. NETs can prime T cells by
TCR signaling that implicates direct contact [53].

Alternatively, NETs that contain different proteases
could represent a pro-tumorigenic activity through deg-
radation of the extracellular matrix and increase metas-
tasis. NETs may also create a hurdle between cancer
cells and the immune system, thereby collaborating
with cancer cells to evade immune recognition. Con-
sequently, it has been reported that patients with the
metastatic disease showed NETs formation relapse that
may refer to the pro-tumorigenic mechanism of NETs
[31]. Moreover, recent evidence indicates that neutro-
phils from certain donors can eliminate cancer cells in a
cell-specific manner and the neutrophil killing of cancer
cells probably is improved by the treatment of B-glucan,
making neutrophil a persuadable candidate for cancer
immunotherapy [54]. Various studies that trigger neu-
trophilia through prolonged G-CSF (granulocyte-colony
stimulating factor) treatment in tumors usually shows a
change from a chronic mode to an acute inflammatory
situation and an antitumor effect [55]. Notably, mamma-
ry tumor cell lines stimulate NETosis in vitro, but there
is no strong evidence for the NET formation in vivo [56].
On the other hand, some studies have demonstrated that
NETiosis can fight cancer metastasis [42].



http://immunoreg.shahed.ac.ir/

Summer & Autumn 2020. Volume 3. Number 1

One underlying mechanism for metastasis suppression
seems to be the NET-mediated capture of migrating tu-
mor cells, particularly at sites of inflammation, which
can be blocked with NE and protein-arginine deiminase
type 4 (PAD4) inhibitors [57]. Therefore, targeting NETs
through these pathways could be a promising therapeutic
option for cancers. In the next section, we will discuss
the role of BCG therapy in bladder cancer and the in-
teraction between NETs and BCG for the treatment of
bladder cancer [57].

In sum, neutrophil-induced NETs act as an inhibitor for the
development of tumor metastasis through elastase, MPO,
and other enzymes. In contragt, little evidence demonstrates
that produced NETs from the TANs in the microenviron-
ment of tumors can result in the progress of tumor cells.

BCG therapy and the role of neutrophils

As mentioned above, BCG administration into the
bladder provides a localized infection that involves both
attachment and then internalization into normal and
malignancy urothelial cells through the fibronectin pro-
cess mediated by integrin adhesion molecules [58-60].
Recent studies have demonstrated that neutrophils can
migrate to the bladder after BCG stimulates bladder epi-
thelial cells to secrete chemokines. Also, another study
shows that neutrophils have an important role in the an-
ticancer outcome of BCG therapy. With regard to this
issue, Suttman et al. reported that neutrophils could be
the reason for the positive outcome of BCG therapy in a
mouse bladder tumor model [61].

They found that BCG therapy has no effect after deple-
tion of neutrophils that results in a reduction in survival
compared with non-depleted controls. Neutrophils re-
lease interleukin (IL)-8, macrophage inflammatory-1 o
(MIP-1a), and growth-regulated oncogene-a (GRO-a)
when they are stimulated with BCG in vitro. Therefore,
BCG-induced chemokine secretion by neutrophils re-
cruits macrophages, which eventually recruits T cells.
According to these findings, Suttman et al. suggest that
BCG administration can result in the influx of neutro-
phils that coordinate the subsequent macrophages and
T cell recruitment via the release of chemokines [61].
Interestingly, in consideration of Suttman et al. results,
it is proposed that the BCG-induced antitumor responses
are mediated by activated T cells, whereas neutrophils
recruit other immune cells with indirect mechanism [60,
61]. Additionally, neutrophils have a direct antitumor
immunity through the production of soluble TRAIL ( tu-
mor necrosis factor-related apoptosis-inducing ligand) in
the bladder environment [60].
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In another study, Liu et al. evaluated the formation of
NETs by the induction of BCG instillation. They reported
that tumor cell proliferation was inhibited by treatment
with NETs as well as cytotoxicity of NETs on tumor cells.
Their results demonstrated that BCG-induced NETs pro-
mote dose- and time-dependent apoptosis of tumor cells
and GO/G1 phase arrest. Liu et al. study findings demon-
strated that BCG-activated tumors stimulate more NETs
compared with non-activated ones. Also, neutrophil ad-
hesion and NETs release are increased by stimulation
with supernatant of activated cells which, represent a sig-
nificant role for cytokines. Their results also suggest that
bladder cancer cells induce NETs via TNF-o and IL-8 se-
cretion following BCG stimulation. Eventually, they con-
cluded that BCG-induced NETs suppress tumors through
multiple mechanisms, including cytotoxic effects, induc-
tion of apoptosis, and cell cycle arrest.

Some studies have shown that NETs could suppress
migration and invasion of tumor cells by the induction
of apoptosis and exertion of cytotoxicity mechanism on
tumor cells [9]. Besides, the role of neutrophils has been
proven for T cells trafficking to the bladder after BCG per-
fusion [61]. According to IFN-y cytokine production or
activation of CD8+ T and natural killer (NK) cells, CD4+
T cells are the main contributors in BCG therapy [61, 62].
Furthermore, NETSs could prime T cells and activate DCs.
NETs treatment upregulate CD4 expression in vitro, and
CD3+ and CD14+ cells in tumors that could be an impor-
tant index for potentiating immunity. Generally, the pres-
ence of monocyte, T helper (Th)1 cells, and CTLs (cyto-
toxic T lymphocyte) in the environment of tumor could
result in tumor regression, and also a favorable prognosis
[9]. It has been demonstrated that NETs have either tumor
pro- or anti-tumor activity. Therefore, some agents such
as cytokine profiles in the microenvironment and cancer
type are the determinative subject for progression or sup-
pression of tumor cells [63, 64]. At high concentrations,
the release of MPO and NE as important components of
NETs have a cytotoxic effect on tumor cells, but reducing
the release may result in the conversion of anti-tumor to
pro-tumor function [65, 66]. Thus, NETs have different
roles based on variations in multiple stimuli, neutrophil
action sites, and induction with BCG or others [9].

Altogether, neutrophils are induced by BCG activation to
form NETs. In other words, the direct role of BCG-induced
NETs is indicated by the cytotoxic effect, apoptosis induc-
tion, cell cycle arrest, and inhibition of tumor cells migra-
tion into the bladder environment. Besides, NETs also have
an indirect role through stimulation immunity and recruit-
ment of T cells and macrophages to prevent tumor growth.
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mTOR (mammalian target of rapamycin) as a serine/
threonine-protein kinase can form two different protein
complexes known as mTORC1 and mTORC2. Also,
AMP-dependent protein kinase (AMPK) is the key sensor
of cellular energy status, which activates the autophagy
pathway [15-20]. Class I and class III PI3K (phosphati-
dylinositol 3-kinase) pathways are the substantial regula-
tors of autophagy. Class I PI3K activates mTORC]1 and
inhibits the start of autophagy. On the contrary, class 111
PI3K can directly induce autophagy [67]. The autophagy
pathway has a key role in tumor suppression and progres-
sion at the early and late stages of bladder cancer [68].

According to various studies, mTORC1 has a fun-
damental role in the regulation of several cellular
mechanisms, such as autophagy and differentiation of
neutrophilic precursor cells. These mechanisms could
be ceased by using pharmacological inhibition of
mTORCI1-induced autophagy or p38 Mitogen-Activated
Protein Kinase (MAPK) [69].

It has been demonstrated that neutrophils are primed
by autophagy for increased NETs formation, which is
notable for appropriate neutrophil effector functions dur-
ing sepsis. Neutrophils have a potency to increase au-
tophagy induction in patients who survived sepsis. On
the other hand, there is an abnormal autophagy function
in neutrophils isolated from patients who could not sur-
vive sepsis. However, in murine models of sepsis, the
autophagy reinforcement improved survival through a
NET-dependent mechanism [70].

Notably, autophagy and ROS production as two main
regulators of NETosis have a close correlation with each
other. Autophagy induction can occur through ROS
burst, which in turn is necessary to maintain effective
ROS production [71].

Remijsen et al. studied the role of autophagy and ROS
production in forming NETosis. Their results demon-
strated that a combination of ROS production and au-
tophagy is required for PMA-induced-NET formation
in human neutrophils. Suppression of either NADPH
(nicotinamide adenine dinucleotide phosphate) oxidase
or autophagy could prevent the chromatin decondensa-
tion that is crucial for NETosis, resulting in apoptotic cell
death. Additionally, there is no NADPH oxidase activity
in neutrophils isolated from patients with chronic granu-
lomatous disease (CGD). These neutrophils cannot pro-
duce NETs [72] (Figure 1).

Also, another study showed that neutrophils from pa-
tients with AGH (acute gouty arthritis) display autopha-
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gy-mediated spontaneous NET release [73]. Currently, it
has also been demonstrated that reduced expression lev-
els of Atg5 (autophagy-related gene 5) as a component
of the autophagy system interplays with the low capacity
of neutrophils to form NETs when TLR2 ligand stimula-
tion occurs in aged mice. This issue suggests that it may
represent a major role of autophagy in maintaining the
mechanism of NETs [74].

On the other hand, contradictory data have also been
published concerning the contribution of autophagy in
NET release. Particularly, Atg5-knockout mouse neutro-
phils that display decreased autophagic activity kept the
capacity to release extracellular DNA. Moreover, PI3K
can prevent NET formation inhibition by human neu-
trophils [75]. Consequently, it may exist an autophagy-
independent NETosis pathway [75, 76].

Altogether, activated neutrophil may promote autopha-
gic activity and NET formation. Also, autophagy induc-
es NET formation. But in relation to cancers, especially
bladder cancer, the ability of autophagy to induce NETs
formation has yet to be determined and no research in
the literature discussed it. However, according to simi-
lar studies, it seems that autophagy-induced NETs for-
mation would happen in the tumor microenvironment
through tumor-associated neutrophils (N2). Still, further
investigations should be performed to clarify the matter.
In the next section, the role of autophagy in cancer and
angiogenesis will be discussed

miRNAs role in BCG therapy

miRNAs are a branch of noncoding small RNAs that
can have different effects on oncogenesis by acting as
oncogene or tumor suppressor in a microenvironment-
dependent manner [77, 78]. Various studies performed
on the role of miRNAs in bladder cancer demonstrated
that some miRNAs are overexpressed and the gene ex-
pression of other miRNAs are down-regulated. Gottardo
et al. evaluated the expression of miRNAs in 27 blad-
der specimens. They found that the expression of some
miRNAs such as miR17-5p, miR23a, miR23b, miR26b,
miR103-1, miR185, miR203, miR205, miR221, and
miR223 remarkably increased in bladder cancer. In other
words, the function of a specific miRNA depends on its
target genes. Thus, the upregulated miRNAs effect on
oncogenes can be considered as tumor-suppressing miR-
NAs, and downregulated miRNAs effect on tumor sup-
pressor genes can be considered as onco-miRNAs [79].

Another study showed that the expression of 4 miR-
NAs (miR199a-3p, miR195, miR133a, and miR30a-3p)
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is downregulated in tumors; however, these miRNAs
usually act as tumor suppressors [78]. On the contrary,
miR200c and miR21 are upregulated in bladder cancer
tissues and could be an agent for the progression of blad-
der cancer [80, 81]. The expression of miRNAs is de-
tected using molecular techniques such as microarray or
deep sequencing in patients with bladder cancer. Many
types of samples are obtained from clinical tissue speci-
mens, fluids, body, and bladder cancer cell lines [82-84].

BCG therapy has been demonstrated with the abil-
ity to prevent the occurrence and progression of cancer
through various mechanisms, such as autophagy inhibi-
tion. Some studies have indicated that miR9-3, miR124-
2, miR124-3, and miR137 were frequently methylated
in the initiation phase of cancers which can utilize as
potential biomarkers for bladder cancer diagnosis [85].
Interestingly, no research and review articles have been
published about the effect of BCG on miRNAs profile
expression by searching “Bacillus Calmette—Guerin",
“miRNA", terms or “BCG", “miRNA", terms in the
MeSH in this respect. However, several studies about the
role of BCG and miRNAs in infectious diseases have
been conducted. For example, one study evaluated the
alteration of immune-related miR 142-3p in macrophage
RAW264.7 cells in treatment with BCG infection. Their
results showed that miR142-3p can negatively regulate
the production of pro-inflammatory mediators of IL-6,
TNF-a, and NF-kB (NF-kB1) in the macrophages by
post-transcriptionally down-regulating IRAK-1 protein
expression [86]. Also, another study demonstrated that
M. bovis BCG induces toll-like receptor 2 (TLR2)-de-
pendent miR 155 expression, which establishes signaling
cross-talk among MAPKs, PKCd (protein kinase C9),
and PI3K also the recruitment of c-ETS and NF-kB as
miR155 promoter. Finally, they indicated that the cel-
lular reprogramming was organized by miR155 during
immune responses to mycobacterial infection [87].

In sum, BCG can stimulate immune responses and trig-
gers signaling molecular pathways by making interac-
tion with miRNAs. It seems that BCG instillation can
affect miRNAs expression in bladder cancer tissue. Nev-
ertheless, more research must be conducted to clarify
this interaction in bladder cancer.

So far, little research has done on how miRNAs can
affect the NETosis process. However, some studies have
conducted on the interaction between miRNA expres-
sion and neutrophil. As regards this issue, one Study
showed that neutrophil-associated miR99b-5p, miR191-
5p, and miR197-3p transcript levels were remarkably
lower in Mycobacterium tuberculosis (MT) infections.

IMMUNOREGULATION

Differential expression of miRNAs in neutrophils can
predominantly affect the signaling pathways leading to
cytokine productions. The reduced expression in MT
cases could indicate a lack of inhibition on signaling
pathways, which may result in elevated production of
pro-inflammatory cytokines such as IFN-y [88].

As was discussed previously, [IFN-y is a crucial cyto-
kine in immune responses to microbial infections. In
this regard, a study demonstrated the significance of
IFN-y role in NETs function when lung neutrophils of
mice are infected by Streptococcus pneumonia, Staph-
ylococcus aureus, and Escherichia coli. Their results
revealed that decreased formation of NETs in IFN-y-
deficient mice could increase in S. pneumonia bacterial
number [89, 90].

According to Gantier et al. study, we prepared a list,
including 48 miRNAs that are expressed in neutrophils.
We found that miRNAs have a key role in the regula-
tion of neutrophil biology. Of the expressed miRNAs
in neutrophil, miR1 and miR133 are down-regulated in
patients with myeloproliferative disorders. miR223 has
also been demonstrated as the main miRNAs expressed
by human granulocytes (CD15). One study reported an
essential role of miR223 in neutrophil differentiation by
evaluating miR223-deficient mice [91]. Ward et al. in-
dicated that miRNAs of miR34b, miR328, miR483-3p,
miR491-3p, miR595, and miR1281 are up-regulated
when neutrophils are treated with granulocyte-macro-
phage-colony-stimulating factor (GM-CSF).

In other words, GM-CSF treatment delays apoptosis
and senescence (Table 1) [92]. IL-8 as a CXC chemo-
kine ligand has a crucial function in the recruitment of
human leukocytes, especially neutrophils, and is also
produced by various immune cells such as neutro-
phils, macrophages, and epithelial cells stimulated with
TNF-0. miR17 can directly target IL-8 mRNA; there-
fore, miR17 inhibition could drastically increase IL-8
production [93]. On the other hand, miR155 can increase
IL-8 secretion from neutrophils of patients with cystic
fibrosis by the suppression of SHIP expression. Elevated
miR155 levels can straightly decrease levels of SHIP-1,
which ordinarily destabilize IL-8 mRNA via Akt signal-
ing [78, 94]. Hence, therapeutic approaches should fo-
cus on decreasing miR155 and increasing miR17 levels,
which could dampen IL-8 production by neutrophils.

Some studies have also determined that neutrophils can
polarize and migrate towards the center of tumor cells
that highly express these chemotactic factors [95, 96].
As soon as the chemokine reaches the maximum pro-
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Table 1. miRNAs expression in neutrophils
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miRNAs Expression
miR1 Downregulation
miR133 Downregulation
miR34b Upregulation
miR328 Upregulation
miR483-3p Upregulation
miR491-3p Upregulation
miR595 Upregulation
miR1281 Upregulation

duction zone, the gradient of chemotactic concentration
vanishes. The chemotactic stimulus can establish NETs
formation when many receptors get occupied [73]. A
study by using intravital microscopy in tumors could
show that neutrophils move to the tumor and form NETs
(personal communication). In the tumor microenviron-
ment, these structures are often related to the processes
that favor metastasis [32, 97, 98]. A study in mice also
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indicated that NETs facilitate the metastatic capacity of
tumor cells, in other words, they favor their migration
[99]. However, the extent to which NETs can affect the
function of other immune cells in the tumor microenvi-
ronment has not been directly demonstrated [100].

There are relatively scarce data about the role of miR-
NAs in neutrophil biology in the literature. Different
expressions of miRNAs in the tumor microenvironment
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Figure 1. Role of autophagy and reactive oxygen species (ROS) production in forming NETosis

Inhibition of either nicotinamide adenine dinucleotide phosphate (NADPH) oxidase or autophagy could prevent the chroma-
tin decondensation that is crucial for NETosis, resulting in apoptotic cell death. NETosis can eliminate infections and tumors

Adibzadeh Sereshgi MM et al. miRNAs and BCG Therapy by Inducing NETs Formation. Immunoregulation. 2020; 3(1):17-28.
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could be a useful option for the prognosis, diagnosis, and
treatment of various cancers, especially bladder cancer.

Therapeutic options

Today, molecular targeting as a novel therapeutic ap-
proach is considered for improving survival and progno-
sis in patients with BC [101, 102]. Various studies have
shown that abnormally-expressed miRNAs are involved
in BC progression by acting as oncogenes or tumor sup-
pressors. Recent reports have demonstrated that the non-
invasive detection of miRNAs in body fluids, including
urine and blood of BC patients, can be used to improve
BC prognosis and diagnosis [103, 104]. Thereby, the
recognition of dysregulated miRNAs to promote clinical
applications in BC is necessary. In this respect, one study
identified various dysregulated miRNAs in BC [105].
Some miRNAs play major roles in autophagy regula-
tion. For instance, the findings of some studies revealed
that miR99a-5p exhibits a tumor suppressor role via
targeting mTOR in BC [106]. Thereby, the performed
studies have indicated a promising role of the miRNAs
in BC therapy [101]. On the other hand, NETs formation
in tumor regulation by miRNAs can increase the NETs
formation in patients with BC [9, 107, 108].

Generally, NETs formation can facilitate BCG perfor-
mance in BC treatment. NETs can suppress tumor activ-
ity through specific mechanisms, including the mTOR
signaling pathway and production of ROS by neutrophils
[9, 60]. Thus, promoting NETs performance by miRNAs
can be utilized to improve BCG therapy in patients with
BC. In addition to the diagnostic usefulness of miRNAs,
engineering and designing miRNAs could also be a suit-
able therapeutic strategy to eliminate tumor cells of BC
through targeting mTOR or other mediators, which have
a key role in this field. Additional efforts are essential to
assess the therapeutic roles of candidate miRNAs and
their interaction between NETs formation. Eventually,
further investigations are necessary to further clarify

novel RNA networks in bladder cancer cells.

BCG therapy is usually prescribed for patients with
non-muscle invasive bladder cancer. The results of this
review study revealed that miRNAs have an impressive
role to induce NETs formation which can also promote
BCG therapy in patients with BC. Also, BCG-induced
NETs can perform the cytotoxic effect, apoptosis induc-
tion, cell cycle arrest, and inhibition of tumor cells migra-
tion into the bladder environment. Moreover, neutrophils
can prime T cells and activate DCs to robust immune
responses against tumor growth. Therefore, the utiliza-
tion of miRNAs network as a therapeutic approach may

IMMUNOREGULATION

reinforce BCG function through induction of NETSs for-
mation by stimulating neutrophils.
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