1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Immunity. Author manuscript; available in PMC 2021 May 19.

-, HHS Public Access
«

Published in final edited form as:
Immunity. 2020 May 19; 52(5): 729-731. doi:10.1016/j.immuni.2020.04.009.

Neutrophils Create an ImpeNETrable Shield Between Tumor and
Cytotoxic Immune Cells

Abbie S. Ireland?®, Trudy G. Oliverl”
1Department of Oncological Sciences, Huntsman Cancer Institute, University of Utah, Salt Lake
City, UT 84112, USA

SUMMARY

Neutrophil extracellular traps (NETS) can promote tumor growth and metastases, but whether
NETSs impact the tumor immune microenvironment remains under-explored. In this issue of
Immunity, Teijeira et al. (2020) discover that NETs shield tumor cells from cytotoxic immune
cells resulting in impaired tumor clearance.

Neutrophils execute many processes including reactive oxygen species (ROS) production,
phagocytosis, degranulation, and extrusion of neutrophil extracellular traps (NETS). NET
formation was first described in 2004 as a mechanism to kill bacteria (Brinkmann et al.,
2004), but was subsequently discovered in cancer (Demers et al., 2012), where its function is
still relatively unknown.

NETosis refers to the unique cell-death process whereby the nuclear envelope of neutrophils
is disassembled and decondensed chromatin is released into the cytoplasm. The sticky
chromatin scaffold accumulates anti-microbial peptides and proteases from the cytoplasmic
compartment, and extrudes into the extracellular space where its web-like structure can trap
and kill pathogens (Figure 1). The enzyme Peptidylarginine deiminase 4 (PAD4)
citrullinates histones to drive the initial chromatin decondensation that allows NET
extrusion. Consistently, neutrophils from Pad4™'~ mice are unable to form NETs. NETs have
been observed in numerous inflammatory conditions including thrombosis, and
cardiovascular and autoimmune diseases (Papayannopoulos, 2018). While NETSs can
effectively trap and neutralize pathogens, in some conditions, NETSs can exacerbate
inflammation and cause cell damage.

The discovery of NETSs in cancer provoked a major question: Do NETSs have anti- or pro-
tumor functions? NETSs have been associated with tumor cell proliferation and metastasis in
multiple cancer types (Cedervall et al., 2016). Recent studies have shed light on mechanisms
by which NETs promote tumor growth. These include NET-protease-induced remodeling of
laminin to trigger integrin signaling and awaken dormant tumor cells (Albrengues et al.,
2018), trapping circulating tumor cells to enable their proliferation and survival (Cools-
Lartigue et al., 2013), or altering tumor cell bioenergetics (Yazdani et al., 2019). Given that
NETSs can impact the function of immune cells in non-cancer contexts (Papayannopoulos,
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2018), it is important to determine how NETS influence the tumor immune
microenvironment.

In this issue of /mmunity, Teijeira et al. (2020) present findings that illuminate how NETosis
can influence the tumor immune landscape and tumor response to immunotherapy. Teijeira
et al. first set out to determine which chemokines have the capacity to trigger NETosis. The
authors focus on CXCL chemokines as central mediators of tumor-induced NETosis because
they are abundantly expressed in solid tumors and can recruit pro-tumor neutrophils (Kim et
al., 2014). These chemokines, namely proinflammatory Interleukin-8 (IL-8), along with
CXCL1, -2, and -8, recruit neutrophils by interacting with CXCR1 and 2 receptors on the
neutrophil membrane. Teijeira et al. utilized a panel of neutrophil chemoattractants to show
that these stimuli were capable of inducing NETosis in both human neutrophils as well as
granulocytic myeloid-derived-suppressor-cells (GR-MDSCs). Using G;j subunit inhibitor,
Pertussis toxin (Ptx) and the CXCR1 and -2 inhibitor Reparixin, the authors demonstrated
NET induction to be dependent on G-protein coupled receptor (GPCR) activity during
CXCR1, -2 receptor activation. Conditioned supernatant of human cancer cell lines, rich in
CXCR1 and -2 agonists, induced NETosis in human neutrophils and GR-MDSCs, and this
induction was fully prevented by CXCRL1, -2 blockade. Reparixin and Ptx also blocked NET
formation in human tumor organoids and subcutaneous mouse models of mammary and
human colorectal adenocarcinomas. Together, the authors demonstrate that chemokines
released from human tumor cells activate CXCR1 and -2 receptors to induce NETosis.

To shed light on the unexplored question of how NETs impact the tumor immune
microenvironment, Teijeira et al. utilized a variety of methods to study NET interaction with
immune cell populations—specifically, cytotoxic CD8* T cells and IL-15 activated natural
killer (NK) cells. They hypothesized that tumor cell encapsulation by NETs may shield
tumor cells from interactions with neighboring anti-tumor immune cells. In support of this
notion, the authors generated a co-culture system of “NET-ed” tumor cells and cytotoxic
lymphocytes, and found that NETs effectively impeded the activity of NK and CD8* T cells
against tumor cells. Consistent with previous studies implicating NETs in metastases, the
authors revealed that metastatic spread to the lungs in subcutaneous models of 4T1 breast
cancer was prevented by NET inhibition using DNAse | injection or pharmacological PAD4
inhibition. In a T-cell deficient version of this model that retained NK cells, metastatic
events were limited by NETosis blockade. However, in a model lacking both T and NK cells,
NETosis blockade did not prevent metastasis. Together, these data suggest that NK cells,
more than CD8* T cells, have the dominant ability to limit metastatic spread in this model,
and that NK cell cytotoxic activity is blocked by NETS.

Following the discovery that NETs can impact tumor cell interaction with surrounding
immune cell populations, the authors sought to test whether NETs may influence response to
immunotherapy. In the context of primary tumor growth, NETosis blockade by PAD4
inhibition was insufficient to delay tumor growth of subcutaneous 4T1 breast cancer in mice.
However, when PAD4 inhibition was combined with anti-PD1 plus anti-CTLA4 immune
checkpoint blockade, tumor growth was dramatically reduced in the 4T1 breast cancer
model. Though NK cells were observed to primarily limit metastases in vivo, tumor growth
inhibition in the absence of NETs was shown to be dependent on CD8* T-cell activity.
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Together, these results lead to the exciting conclusion that destroying tumor-cell-shielding
NETs may enhance the response to immunotherapy.

In a final pursuit to understand how NETS interact with the tumor immune landscape in
living mice, Teijeira et al. use an elegant intravital microscopy approach to capture live cell
interactions between “NET-ed” versus “free” tumor cells and cytotoxic lymphocytes. The
authors visualized NET encapsulation of 4T1 tumor cells in the ears of mice and of LLC
tumor cells in the liver sinusoids of mice. The “NET-ed” LLC tumor cells were shielded
from contact with fluorescently-labeled, cytotoxic NK and CD8* T cells, creating a physical
barrier between tumor and immune cells. Likewise, in the ear dermis implanted with red-
fluorescent B16/OVA melanocytes and green-fluorescent human NETS, ovalbumin-specific
CD8* T cells could only contact tumor cells in “NET-free” areas. Together, in a mosaic of
fluorescently-labeled tumor and immune cells, the authors illuminate the capacity of NETs
to shield tumor cells from interaction with cytotoxic immune cells.

Teijeira et al.’s results uncover a provocative function of NETSs in impeding anti-tumor
immunity and the efficacy of immunotherapy. These findings have the capacity to shape
therapeutic strategies for cancer but inevitably give rise to additional questions. The authors
postulate that NETs function as a physical barrier to limit contact between tumor cells and
surrounding immune populations. This study does not exclude the potential that other
moieties of NETS (e.g. trapped proteins, proteases, and extracellular DNA) could deter or
promote T and NK cell contact and activity through other mechanisms. Likewise, it is
unclear whether NETs may educate immune cells in a manner that could elicit an abscopal
effect on the tumor immune landscape. Might a “NET-dense” tumor microenvironment
modulate the behavior of immune cells in surrounding “NET-free” regions?

Importantly, Teijeira et al.’s findings highlight a therapeutic strategy whereby immune
checkpoint blockade may be augmented by NETosis inhibition (Figure 1). There are clinical
options to block chemokine receptor activation necessary for NET formation, including I1L-8
neutralizing antibodies. Additionally, CXCR2 small molecule inhibitors such as AZD5069
have been tested in Phase | and Il clinical trials including studies in squamous cell
carcinomas, pancreatic adenocarcinoma, and others (ClinicalTrials.gov). In the context of
cystic fibrosis, multiple clinical trials have been performed with NET-degrading GMP-grade
DNAse-I (ClinicalTrials.gov). PAD4 inhibitors, including GSK484, and adenosine Ao
receptor agonists that can block NETosis have been tested in preclinical studies (Ali et al.,
2019). Thus, there are multiple avenues by which the therapeutic approach of combining
NET inhibition with immunotherapy could move toward the clinic.

The current study is limited to cell culture and xenograft models of human cancer where
NETSs are artificially induced in tumors. Assessment of naturally-occurring NETosis in
autochthonous, immune-competent tumor models would facilitate the study of how NETSs
interact with surrounding immune cells and immunotherapies. The use of genetically-
engineered mouse models could also provide preclinical tumor burden and survival data
from immune-competent hosts that would be useful for predicting how well this therapeutic
strategy may be recapitulated in the clinic. Though the authors provide compelling evidence
that NETs negatively influence the anti-tumor immune response, the results are often from
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short-term assays with artificially-induced NETS. It will be important to assess the long-term
impact of NET inhibition on the tumor immune landscape and immunotherapy response to
shed light on these outstanding questions.

In summary, Teijeira et al. demonstrate a requirement for CXCR1 and -2 receptor activation
in NET induction and a novel role for NETs as a physical shield between human tumor cells
and cytotoxic lymphocytes—specifically CD8* T cells and NK cells (Figure 1). The results
of this study highlight an exciting therapeutic approach suggesting that NET blockade may
allow immune cells to “peNETrate” the tumor microenvironment and ultimately promote the
efficacy of immunotherapy.
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Figure 1. Neutrophil Extracellular Traps Shield Tumor Cells from the Effects of Cytotoxic
Immune Cellsand Immunother apies.

Human neutrophils form neutrophil extracellular traps (NETSs) following activation of
CXCRL1 and -2 receptors by chemokines secreted by tumor cells, including IL-8 and
CXCL-1, -2, and -8 (top left). NETs shield tumor cells from the cytotoxic effects of anti-
tumor immune cells—specifically NK cells and CD8* T cells—which can result in
increased tumor growth (top right). Blocking NET formation via pharmacological PAD4
inhibitors, DNAse-I, Pertussis-toxin (Ptx), or CXCR1 and -2 inhibitors allows tumor cell
contact with cytotoxic immune cells. Teijeira et al. demonstrate NETosis blockade by PAD4
inhibition can increase the efficacy of anti-PD1 plus anti-CTLA4 immune checkpoint
inhibitors—highlighting exciting potential for a new therapeutic strategy where NET
blockade maximizes the effect of immunotherapy.
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