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Lung cancer

Lung cancer is regarded as a highly preventable disease, 
where the leading risk factor, cigarette smoking, accounts 
for approximately 80% of diagnoses. Cigarette smoke 
contains multiple classes of recognized carcinogens 
inc lud ing  benzo(a )pyrenes ,  po lycyc l i c  a romat ic 
hydrocarbons, and tobacco specific nitrosamines (1,2). 
Collectively, these compounds exert their genotoxic effects 
by forming DNA adducts and by generating reactive 
oxygen species (ROS) that cause mutations in critical 

growth control genes, such as K-Ras and TP53 (3-6). In 
addition, chronic smoking causes a state of chronic injury 
and inflammation in the airways, and inflammation has 
been identified as an enabling characteristic for tumour 
development (7). Like lung cancer, chronic obstructive 
pulmonary disease (COPD) is a common debilitating 
disease caused by consumption of cigarette smoke and other 
noxious air pollutants. COPD is currently the 4th leading 
cause of death globally and is characterized as a chronic 
inflammatory condition due to the progressive nature of 
mucosal inflammation and destruction that manifests into 
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rapid lung function decline (8). It is well established that 
excessive airway neutrophil recruitment and activation 
contributes to tissue destruction in COPD. COPD patients 
are also at an increased risk of developing lung cancer 
and this risk is not solely driven by smoke exposure. In 
this review, we will focus on the emerging evidence to 
suggest that neutrophils actively contribute to the tumour 
microenvironment (TME).

Neutrophil recruitment and activation 

Neutrophils are the most abundant circulating leukocytes 
in human blood and are considered the first line of 
innate immune defence. Under homeostatic conditions, 
neutrophils are generated from the bone marrow at a rate 
of 1011 cells per day. From the bone marrow, they are 
released and remain in circulation until recruited to tissues 
where they perform a suite of specialised functions, which 
include phagocytosis, degranulation, oxidative burst, and 
the release of neutrophil extracellular traps (NETs) (9).  
At the end of their lifespan they are cleared away by 
tissue-resident macrophages via phagocytosis (10). In the 
blood, these cells have a very shot half-life of 6–8 hrs, and 
are subsequently destroyed by the spleen, liver, and the 
bone marrow itself (11). Despite this large daily turnover, 
neutrophil numbers remain consistent through a careful 
balance of granulopoiesis, bone marrow storage and release, 
and migration into tissues (12). 

Neutrophils are produced in the bone marrow from 
hematopoietic stem cells (HSCs). These cells then 
differentiate into multipotent progenitors (MPP), next 
into lymphoid primed multipotent progenitors (LMPPs) 
and subsequently into granulocyte-monocyte myeloid 
progenitors (GMPs) (13). Granulocyte-colony stimulating 
factor (G-CSF) is the master regulator of neutrophil 
generation and differentiation and binds to a high-affinity 
receptor, G-CSFR, which is expressed by developing 
neutrophils throughout the myeloid lineage. Under the 
control of G-CSF, GMPs commit to neutrophil formation 
and the hallmark granules are variably formed at specific 
steps during myeloid differentiation (14). Thus, expression 
of these granules is a representation of neutrophil maturity. 
During differentiation, primary granules are formed first, 
at the myeloblast to promyelocyte stage. These granules 
contain large amounts of myeloperoxidase (MPO) and 
neutrophil elastase (NE). Next, secondary granules form at 
the myelocyte and metamyelocyte stages. These granules are 
rich in lactoferrin, primarily involved in host defense against 

microbial infection. Tertiary granules rich in gelatinase 
then form in band and segmented neutrophils, and finally, 
secretory vesicles arise in mature cells, which contain plasma 
proteins and membrane-associated receptors (14,15). 

As neutrophils mature, they downregulate the expression 
of various receptors including mast/stem cell growth 
factor receptor (KIT), integrin alpha 4 (VLA4) and C-X-C 
chemokine receptor 4 (CXCR4), while upregulating C-X-C 
chemokine receptor 2 (CXCR2) and toll-like receptor 4 
(TLR4) (14). Once neutrophils mature, they can leave the 
bone marrow and enter circulation, where their release 
is tightly regulated, since under normal homeostatic 
conditions only 1–2% of all neutrophils in the body are 
found in the blood (16). Under steady-state granulopoiesis, 
ligands for KIT, VLA4 and CXCR4 are produced in 
the bone marrow to retain neutrophils, while ligands for 
CXCR2, such as CXCL1, CXCL2, CXCL5 and CXCL8/
IL-8 are produced externally from endothelial cells and 
megakaryocytes to induce neutrophil mobilization when 
required (14,16,17). Neutrophil mobilization can also be 
regulated by a cytokine network that involves interleukin 
23 (IL-23), that is produced by phagocytic macrophages 
and dendritic cells (DCs), and interleukin 17 (IL-17), 
that is produced by T lymphocytes (T cells). IL-23 drives 
and maintains the differentiation of T helper 17 (Th17) 
that produce IL-17, which promotes granulopoiesis and 
the release of neutrophils from the bone marrow via 
upregulation of G-CSF. This process is self-limiting as 
the phagocytosis of apoptotic neutrophils triggers an anti-
inflammatory response characterised by a reduction in IL-
23 by tissue-resident macrophages. Subsequently, reduced 
IL-23 levels lead to a decrease in IL-17 levels and to less 
G-CSF production, which is central to the maintenance of 
steady-state neutrophil release from the bone marrow (18). 
Additionally, it has been shown that CXCR4 expression 
can be spontaneously upregulated in neutrophils cultured 
for 4 hours, where re-expression of CXCR4 is thought to 
encourage aging neutrophils to return to the bone marrow 
for clearance (19). 

In contrast, neutrophils at are found to reside in a range 
of maturation stages in the blood and tissue of cancer 
patients, where the impact of neutrophil maturity on cancer 
progression and therapy remains largely unknown (20). 
It is not clear how tumours induce neutrophil trafficking, 
however it is suggested that mobilization occurs via tumour 
produced cytokines, where G-CSF levels and CXCR2 
ligands are elevated in patients with NSCLC (21,22). 
Additionally, the recruitment and activation of neutrophils 



2808 Aloe et al. Role of neutrophils in NSCLC 

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2021;10(6):2806-2818 | http://dx.doi.org/10.21037/tlcr-20-760

to solid tumours is said to be controlled by conditions 
within the TME, such as hypoxia, nutrient starvation, 
and necrosis leading to the release of damage associated 
molecular patterns (DAMPs) (23). Maturation status is also 
associated with neutrophil lifespan. As a result neutrophils 
are found to survive approximately 2.5-fold longer in 
cancer compared to neutrophils produced under normal 
homeostatic conditions (14), where these neutrophils are 
shown to regulate inflammation and the immune system 
by modulating the activity of neighboring cells and thus 
actively take part in cancer progression (24). 

Chronic inflammation may be pathogenic in lung 
cancer

The connection between inflammation and cancer 
development is an established concept that stems from 
the comparison of the tumour with a wound that does 
not repair, where tumours harness the wound healing 
response to induce cancer cell maintenance and growth (25).  
The tumor microenvironment (TME) consists of the 
extracellular matrix (ECM), the blood and lymphatic 
vascular network, and key cellular players such as fibroblasts 
and a dynamic network of immune and inflammatory cells 
that will be influenced by underlying conditions such as 
COPD. While the innate and adaptive immune systems 
typically operate in a transient manner under physiological 
stresses such as respiratory infections, chronic inflammation 
consisting of T cells, natural killer cells (NK cells), 
macrophages, and neutrophils can persist in the lung cancer 
landscape. Specialized leukocyte populations, such NK cells 
and cytotoxic T cells (CTLs) are recognized for their potent 
antitumor activity, whereas macrophages and neutrophils 
are shown to exhibit both anti- and pro-tumorigenic 
behavior (26). Therefore, the interaction between malignant 
cells and immune cell subsets of the TME can ultimately 
determine whether the primary tumour is eradicated or 
metastasized. It has become evident that the TME can 
shape therapeutic responses and resistance, emphasizing the 
need to develop new therapeutic strategies targeting specific 
TME immune components (27). This is best exemplified 
by the success of immune checkpoint inhibitors (ICI) in 
the clinic, which facilitates the recognition and death of 
malignant cells by reactivating T cells (28). In addition to 
the adaptive response the innate response is also altered 
in lung cancer where an increase in tumour associated 
macrophages (TAMs) and tumour associated neutrophils 
(TANs) are observed (14,26). The interaction between 

innate and adaptive cells will clearly influence cytotoxic 
recognition and killing of cancer cells, and emerging 
findings are revealing surprising and pleotropic roles for 
neutrophils in the TME.

Like lung cancer, COPD is a common debilitating 
disease caused by consumption of cigarette smoke and other 
noxious air pollutants. COPD is currently the 4th leading 
cause of death globally and is characterized as a chronic 
inflammatory condition due to the progressive nature of 
mucosal inflammation and destruction that manifests into 
rapid lung function decline (8). COPD patients are 4–6-fold 
more likely to develop lung cancer, which is unsurprising 
given the shared risk factor of chronic smoking. However, 
it has become increasingly apparent that smoking alone 
does not account for why COPD patients are much more 
likely to develop lung cancer. A strong linear relationship 
between increasing severity of airflow limitation in COPD 
and risk of lung cancer was reported to be independent of 
smoking (29,30). The degree of airway inflammation is also 
known to increase with the severity of COPD, whereby 
the infiltration and accumulation of inflammatory cells into 
the lung, including neutrophils, monocytes, macrophages, 
and lymphocytes occurs. The neutrophil is particularly 
associated with disease pathogenesis in COPD, with 
neutrophilia being a characteristic feature of COPD severity 
(31,32). There is also direct evidence for dysfunctional 
neutrophil migration, degranulation, protease release and 
ROS production in COPD patients (32-34). The persistent 
infiltration of macrophages and neutrophils in response 
to cigarette smoking is dependent on IL-17A signaling, 
as depletion of this cytokine prevents inflammation (35). 
Another important feature of COPD is that as severity 
increases, so does risk of recurrent infection-driven 
exacerbations. Acute exacerbations of COPD (AECOPD) 
are characterized by a marked increase in local and systemic 
inflammation that includes neutrophilic inflammation. 
AECOPD are also predictive of lung cancer, independently 
of lung function, age or pack years smoked (36). Current 
pharmacological therapies including the combination of 
inhaled corticosteroids and bronchodilators do not slow 
the progression of lung function decline, but may help 
to reduce the rate of exacerbations in severe patients that 
frequently experience a decline in their condition.

It is documented that the long-term use of inhaled anti-
inflammatory corticosteroids (ICS) in COPD patients is 
associated with a reduced risk of lung cancer, which is the 
most common cause of death among COPD sufferers. In 
a cohort of COPD patients with no lung cancer history, 
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Parimon et al. demonstrated that COPD patients on 
high doses of ICS (1,200 µg/day) were 2-fold less likely 
to develop lung cancer (37). A similar outcome was also 
observed in a large cohort of South Korean participants. 
Eligibility was defined as patients aged 30–89, lacking a 
lung cancer history, and newly diagnosed with COPD 
with an initiation of ICS after diagnosis. Paralleling 
Parimon’s study, Lee et al. showed that participants in 
a high cumulative ICS dose group had a 2-fold reduced 
risk of lung cancer compared to those in the low-dose 
group (38). However, these findings were markedly more 
prominent in men. Equally, due to the limited number of 
women enrolled in Parimon’s study, a sex-specific effect 
remains inconclusive, noting that both study outcomes may 
not be generalizable to women with COPD. Nonetheless, 
the observation that patients with COPD demonstrated a 
reduction in lung cancer incidence following ICS treatment 
supports the concept that inflammation may be pathogenic 
by promoting lung tumour development. 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
commonly prescribed worldwide and the sheer number 
of people on long-term NSAIDs such as daily use of low-
dose aspirin, typically prescribed for secondary prevention 
of myocardial infarction and stroke, provide compelling 
epidemiological data for the role of inflammation in cancer. 
Randomized controlled trials have reliably identified a 
chemopreventive benefit of aspirin in colorectal cancers 
in a duration-dependent manner (39), whereas the effect 
of aspirin in lung cancer prevention remains inconclusive 
with either negative findings or modest benefits (40). 
However, studies which have stratified lung cancer 
incidence by histological subtype have shown benefit that 
appears to be restricted to the most common subtype 
of lung cancer, adenocarcinoma (ADC) (39). It is well 
established that aspirin’s anti-inflammatory actions are 
elicited via modulation of the inducible cyclooxygenase-2 
(COX-2) enzyme, inhibiting prostaglandin formation. 
However, it also non-selectively targets the constitutive 
cyclooxygenase-1 (COX-1) isoform, associated with 
homeostatic maintenance and gastrointestinal injury when 
repressed (41). Further clinical trials are needed to make a 
more definitive recommendation that addresses the risk-
benefit ratio for the recommendation of daily low-dose 
aspirin in the prevention of lung cancer. 

Plasticity of neutrophils in the TME

The historic view of neutrophils has changed considerably 

from a homogenous population of terminally differentiated 
cells with a repertoire of antimicrobial effector functions to 
cells with a large phenotypic heterogeneity and functional 
versatility. It has become evident that the microenvironment 
in different tissues can stimulate neutrophils to obtain 
specialised functions. In the lung, many neutrophils 
accumulate to the vascular lumen and in the interstitial 
space where they regain CXCR4 expression (42). In the 
spleen, neutrophils locate to the marginal zone to produce 
cytokines that induce antibody production in marginal B 
lymphocytes (43). Additional subpopulations of neutrophils 
that can migrate to the lymph nodes due to the expression 
of C-C chemokine receptor type 7 (CCR7), lymphocyte 
function-associated antigen 1 (LFA-1) and CXCR4 are 
found to mediate T cell activation (44,45). Furthermore, a 
proangiogenic neutrophil subtype in the tissues exists (46). 
In pathological conditions such as inflammation and cancer 
various neutrophil phenotypes can be found (47-49). This is 
particularly evident in cancer where neutrophil phenotype 
is shown to change with tumour progression and several 
neutrophil subpopulations with different characteristics 
of maturity, tumour cytotoxicity and immune suppression 
result (50,51). 

An increase in the circulation of immature myeloid cells 
is observed in many types of cancers and is believed to occur 
due to perturbed myelopoiesis in tumour-bearing hosts. 
These cells, which are derived from the bone marrow like 
neutrophils, are termed myeloid derived suppressor cells 
(MDSCs). MDSCs can be divided into two distinct groups 
of cells termed granulocytic- or polymorphonuclear-MDSCs 
(G-MDSCs or PMN-MDSCs), which are phenotypically 
and morphologically similar to neutrophils, and monocytic-
MDSCs (M-MDSCs) ,  which  are  phenotyp ica l ly 
and morphologica l ly  s imi lar  to  monocytes  (52) .  
Currently, there appears to be no universal cell surface 
markers capable of accurately distinguishing neutrophils 
from PMN-MDSCs (53). However, high expression of 
Lectin-type oxidized LDL receptor 1 (LOX-1) was found 
to be exclusive to PMN-MDSCs in various cancers, 
including NSCLC (54). Low-density neutrophils (LDNs) 
are another circulating neutrophil subset that requires 
further characterization in lung cancer. This subset was 
first identified when neutrophils co-segregated with 
mononuclear cells after density-gradient isolation in 
systemic lupus erythematosus and rheumatoid arthritis 
patients (55). While their role in driving lung cancer is 
largely unknown, elevated LDN levels have been detected 
in patients with advanced ADC and correlate with poorer 
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prognosis (56). 
Within the TME, TANs could be considered as one 

of the emerging targets for multiple cancer types, where 
therapeutic intervention can be meditated by inhibiting 
neutrophil trafficking and activation (14). It has been 
demonstrated that cells of the myeloid lineage are abundant 
within the NSCLC TME, accounting for approximately 
50% of tumor-infiltrating CD45+ cells, where neutrophils 
alone comprise 20% of the CD45+ population (53). 
This places neutrophils as a dominant immune cell type 
present in the tumor and stroma of NSCLC, with greater 
neutrophil presence in the smoking-related squamous cell 
carcinoma (SCC) subtype and is consistent with persistent 
neutrophilic inflammation observed in COPD. There is a 
positive correlation between neutrophil numbers and tumor 
growth, indicating that TANs may serve as an important 
diagnostic and prognostic indicator in lung cancer (57). 
Pre-clinical studies have demonstrated the importance of 
neutrophils in tumour progression, where TANs initially 
display anti-tumour actions, and appear to transition 
towards a pro-tumorigenic phenotype at later stages (58). 

One of the major distinctions between TAN populations 
in cancer relates to the N1 and N2 classification. While 
these subsets are specific to neutrophil populations 
observed in the TME, the N1 and N2 naming convention 
has also been utilised to describe the polarization of pro-
inflammatory (N1) to anti-inflammatory (N2) neutrophils 
isolated from infarcted left ventricles in mice (59). N1 

TANs can promote anti-tumour effector functions with 
increased tumor cytotoxicity, high expression of NETs, 
increased secretion of immuno-activating cytokines, and 
low expression of arginase (23). At the early stages of 
tumour development N1 TANs predominate, however as 
tumours progress N2 neutrophils and/or PMN-MDSCs 
are shown to accumulate in favor of the N1 phenotype, as 
shown in Figure 1. The mechanism leading to this switch in 
phenotype, also termed ‘neutrophil polarization’, remains 
largely unknown due to the uncertainty of whether mature 
neutrophils in circulation can be reprogrammed by external 
stimuli, or whether defined phenotypes are programmed in 
the bone marrow. Evidence suggests that neutrophils are 
very plastic cells and subsequently the various subtypes are 
more likely to be acquired in the tissues, where it has been 
demonstrated that neutrophil polarization can be regulated 
by the balance of the cytokines transforming growth factor 
beta (TGF-β) and interferon beta (IFN-β) in the TME 
(60,61). Contrasting the function of N1 neutrophils, the N2 
neutrophils display pro-tumorigenic activity, heightened 
MMP-9 expression, and high arginase expression. When 
N2 cells accumulate, increased angiogenesis, tumor cell 
proliferation, ECM remodelling, and inhibition of the anti-
tumoral immune response are observed (61,62). These 
cancer promoting processes are facilitated by the secretion 
of pro-inflammatory, proliferative, pro-angiogenic and 
immunoregulatory cytokines such as tumor necrosis factor 
alpha (TNFα), interleukin 6 (IL-6), epidermal growth factor 

Figure 1 Plasticity of neutrophils in the tumour microenvironment (TME). Cigarette smoking and COPD cause a state of chronic injury 
and inflammation in the airways that can accelerate tumorigenesis through the acquisition of multiple driver somatic mutations. Tumour 
associated neutrophils increase with tumour growth and the TME promotes the emergence of a distinct neutrophil N2 phenotype that 
supports tumour growth and invasiveness through several key mediators. COPD, chronic obstructive pulmonary disease.

Carcinogenesis

ROS

VEGF

MMP-9

NE

MMP-9

TGF-β
IL-10

ROS
Arg1

Angiogensis

Metastasis

Cytotoxic cell & 

immune suppression

N1 N2



2811Translational Lung Cancer Research, Vol 10, No 6 June 2021

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2021;10(6):2806-2818 | http://dx.doi.org/10.21037/tlcr-20-760

(EGF), fibroblast growth factor (FGF), vascular endothelial 
growth factor (VEGF), interleukin 10 (IL-10) and TGF-β, 
which can profoundly shape the tumour landscape (63). 
Neutrophils can also modify the TME via the secretion of a 
range of proteolytic enzymes. 

The role of neutrophil-derived proteolytic 
enzymes in NSCLC

NE is a major contributor to the development of 
emphysema in COPD and is reported to exert pro-
tumorigenic actions in a range of malignancies, facilitating 
both primary tumor growth and secondary organ 
metastasis. Secreted by neutrophils during inflammation, 
NE is released into the TME through degranulation and 
during neutrophil extracellular trap formation (NETosis), 
which destroys pathogens and host tissue alike (64). In 
lung cancer patients, NE levels are elevated and positively 
correlate with disease progression. Interestingly, it has been 
shown that in both bronchoalveolar lavage fluid (BALF) and 
serum, NE activity is up to 5-fold higher in individuals with 
lung cancer compared to those with COPD, highlighting a 
heterogeneity in its expression in different pathologies (65). 
NE can also regulate the activity of several members of the 
matrix metalloproteinase (MMP) family, including MMP-9. 
This is achieved through direct action on the pro-enzymes 
as well as inactivation of MMP regulators, such as tissue 
inhibitor of metalloproteinase-3 (TIMP-3). The MMP-
9 to TIMP-3 ratio is markedly elevated in NSCLC, and 
serves as a diagnostic tool for the identification of malignant 
cells (66). Whilst MMP-9 is typically secreted from a 
range of inflammatory cells, in lung tumor tissue acquired 
from NSCLC patients, TANs have been identified as the 
primary source of this proteinase (67). Several studies have 
outlined that high MMP-9 expression correlates positively 
with aggressiveness of malignant cells in solid tumors. This 
is largely linked to their inherent ability to degrade ECM 
components such as elastin, collagens, and fibrinogen. This 
facilitates both the intravasation of cancer cells into the 
bloodstream and the sequestering of matrix-bound cytokine 
receptors, adhesion molecules and angiogenic factors, where 
MMP-9 mediated sequestering of VEGF from the ECM 
is shown to be a principle driver of the ‘angiogenic switch’, 
which leads to neovascularization and tumor expansion (62).  
Unfortunately, drugs developed to inhibit MMPs in 
NSCLC have failed to improve survival rates and produced 
unforeseen side effects in patients (68,69). In these clinical 
trials the small-molecule metalloproteinase inhibitors 

(MPIs) were administered to patients with an advanced 
disease, however, evidence suggests that MMP inhibition 
is more important in early stages of tumorigenesis (70). 
Additionally, some MMPs can display anti-tumor effects 
related to their ability to degrade plasminogen, collagen 
XVIII, and collagen IV to produce natural angiogenic 
inhibitors, such as angiostatin, endostatin and tumstatin (71). 
Therefore, any broad spectrum MPIs may mitigate any 
potential benefit in blocking proteases such as MMP-9.

The role of neutrophils in T cell lymphocyte 
suppression 

The neutrophil to lymphocyte ratio (NLR) has gained 
increased attention as a biomarker across different disease 
settings, where the NLR serves as a non-invasive and 
simple test of systemic inflammation. The NLR can also 
be used as an independent prognostic factor in a variety of 
cancers, including lung cancer, where an elevated NLR has 
been associated with poor outcomes in NSCLC patients 
(57,72). Subsequently, the NLR may be utilised for risk 
stratification of patients and further exploited to guide 
treatment decisions, where a reduction in NLR may infer 
positive response to therapy. However, due to the variability 
in neutrophil counts between healthy individuals and 
transient fluctuations, the clinical application of the NLR 
may require longitudinal repeated measurements (14). The 
specific molecular mechanisms that influence the NLR in 
cancer remains incompletely understood. However, the 
imbalance between neutrophils and T cells in cancer may 
result because of neutrophil-mediated T cell suppression, 
which can occur by direct and indirect mechanisms. The 
immunosuppressive nature of distinct neutrophil phenotypes 
is an emerging concept where TANs modulate adaptive 
cytotoxic lymphocyte immune responses in the TME. 

Elevated levels of ROS have also been detected in most 
cancers, where markers of DNA damage and oxidative stress 
are upregulated in lung cancer (73). It is well established that 
neutrophils are a main source of ROS in the TME, where 
ROS generation is governed by the conversion of molecular 
oxygen (O2) to superoxide (O2

−) by nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase (74). Superoxide 
can be further modified to hydrogen peroxide (H2O2) by 
superoxide dismutase (SOD). Although imperative for 
host defence mechanisms, high concentrations of ROS are 
known to promote various aspects of tumor progression, 
including inflammation, cell proliferation and survival. 
Nuclear factor-κB (NF-κB) is a transcription factor that 
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plays a crucial role in these processes. In tumour tissue 
with elevated NF-κB activity, pro-inflammatory cytokines 
accumulate (75). ROS is known to stimulate NF-κB activity, 
thus it can drive the malignant transformation of normal 
cells and support the pro-tumorigenic microenvironment. 
Although recent studies with animal models and cell 
culture systems have established the links between NF-
κB and lung carcinogenesis, the clinical value of blocking 
NF-κB in NSCLC is still controversial (76). Of growing 
attention is the involvement of ROS in the suppression of 
T cell responses. The activation of T cells is dependent 
on the presence of the T cell receptor (TCR) on the 
cell membrane. The TCR is regulated by continuous 
internalization and recycling of the receptor chain, in which 
expression of the TCR-ζ is rate limiting but vital for the 
stabilization of the TCR, and for signal transduction. H2O2 
has been shown to downregulate TCR-ζ chain expression, 
and thereby suppress T cell activation (77). Additionally, 
neutrophil generated H2O2 has also been shown to suppress 
the metabolic switch from mitochondrial respiration to 
aerobic glycolysis in activated T cells that is required for 
clonal T cell expansion and cytokine production (78). 

Neutrophils may also suppress cytotoxic cell function 
through the production of the type 2 cytokine IL-10. IL-
10 mRNA expression levels in lung tumour biopsies is 
elevated across all NSCLC histological subtypes when 
compared to normal lung tissue (79). IL-10 displays a 
broad array of immune functions, including inhibition 
of T cell proliferation, type-1 cytokine production, 
antigen presentation, and lymphokine-activated killer 
cell cytotoxicity (79-82). More recently, it has been 
shown that the acute phase protein serum amyloid A 
(SAA) is implicated in the plasticity of neutrophils, where 
this immunomodulatory mediator can stimulate the 
differentiation of IL-10 secreting neutrophils via N-formyl 
peptide receptor 2 (FPR2) signalling (83). SAA is a potent 
neutrophil chemokine that can promote neutrophil 
trafficking into the lungs (84,85). Of notable interest, a 
positive association between the number of neutrophils 
and the expression of SAA in peripheral lung carcinoma 
resection samples has been observed (84). Furthermore, 
SAA serum and plasma levels are shown to be significantly 
higher in lung cancer patients (86). Taken-together, these 
studies support that elevated SAA levels in the TME or 
systemically may contribute to cancer pathogenesis. The 
concept that IL-10 secreting neutrophils inhibit CD8+ 
T cell cytotoxic function is supported by the finding that 
tumor specific CD8+ T cell proliferation is inhibited in 

mixed leukocyte cultures compared to peripheral blood 
mononuclear cell (PBMC) cultures (82). In melanoma 
patients, neutrophil populations were expanded in the 
peripheral blood of a large proportion of subjects. Unlike 
the neutrophils from the healthy donors, constitutively 
synthesised IL-10 was observed from the neutrophils 
of melanoma patients and blocking the IL-10 receptor 
restored CD8+ T cell proliferation. Moreover, melanoma 
associated neutrophils demonstrated enhanced expression 
of interleukin 8 (IL-8) and arginase-1 (Arg1), where IL-8 
is a classic neutrophil chemokine, and Arg1 suppresses T 
cell function in the TME due to the depletion of the amino 
acid L-arginine typically required for T cell proliferation. 
Expression of both IL-8 and Arg-1 by neutrophils 
is demonstrated to correlate with poor prognosis in  
NSCLC (82,87-91). 

TGF-β is another key cytokine that has been investigated 
for its pathogenic role in lung cancer. While TGF-β is 
secreted from neutrophils, the source of this cytokine in 
tumours varies but includes both the malignant cells and 
cells of the tumor stroma where it plays a paradoxical role 
in cancer. Like neutrophils, it is generally accepted that 
TGF-β is primarily a tumor suppressor in premalignant 
cells but functions as a promotor of metastasis at later stages 
of cancer progression, highlighting both anti- and pro-
tumorigenic functions (92). While therapeutic strategies 
against TGF-β signaling using neutralizing antibodies 
and small molecular inhibitors have been developed, 
the mechanism underlying the switch in function from 
tumour suppressor to tumour promotor remains unclear, 
and thus presents great challenges for TGF-β-targeted 
cancer therapy (93). TGF-β presents itself as an important 
therapeutic target due to the multitude of functions it can 
regulate in the TME. In particular, TGF-β is shown to skew 
the polarization of neutrophils to the N2 pro-tumorigenic 
phenotype, where TGF-β inhibition in animal flank tumor 
models favored the accumulation of N1 TANs with anti-
tumor activity (60). It has been documented that TGF-β 
levels correlate with tumor progression and prognosis in 
patients with NSCLC, where higher TGF-β levels are 
associated with lymph node metastasis (94,95). This may 
be due to its ability to stimulate angiogenesis and epithelial 
to mesenchymal transition (EMT), both of which are core 
to tumour spread and survival. While TGF-β is recognized 
as a potent inducer of EMT in NSCLC, how it stimulates 
this process is not fully understood (96). However, it is 
likely that metastasis of the primary tumor is aided by the 
interplay between neutrophil secreted MMP-9 and TGF-β 
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in the TME. Although TGF-β is produced by various cell 
types in the TME, proteolytic activation by MMPs, chiefly 
MMP-9, is required to exert its cellular functions. This is 
due to the presence of a latency associated peptide (LAP) 
bound to TGF-β in its inactive state (97). Moreover, TGF-β 
in its active form can enhance recruitment of myeloid cells, 
and upregulate the expression, secretion, and activation of 
MMPs in both cancer cells and cells of the stroma, while 
downregulating the expression of TIMPs in the TME (97). 
Together, these actions foster a bidirectional regulatory 
loop that can lead to negative patient outcomes.

TGF-β can also negatively impact tumour progression 
via functioning as an immune suppressor of DCs, which are 
critical for host immunity by bridging innate and adaptive 
immunity. DCs infiltrate the TME in response to tumor-
derived chemokines, however can be repressed by TGF-β, 
which inhibits production of interleukin-12 (IL-12) by 
DCs, a critical cytokine that normally stimulates CD4+ and 
CD8+ T cell function and activation. Additionally, TGF-β 
promotes immune suppression by favoring regulatory T 
cell (Treg) expansion through the induction of the Treg 
signature transcription factor FOXP3, where Tregs suppress 
cytotoxic lymphocyte functions (98). Moreover, TGF-β 
can induce the differentiation of a subset of CD4+ T cells 
known as Th17 cells. IL-17 is the major effector cytokine 
derived from Th17 cells (35), and is an inflammatory 
cytokine that induces the production of IL-6 and G-CSF 
from tumour and stromal cells, thus promoting the activation 
and recruitment of neutrophils to the TME (99). Notably, 
IL-17 is detectable in several tumour types, including 
lung tumours, where high mRNA transcript levels are 
associated with resistance to VEGF inhibitors and poor 
patient outcomes (100). Supporting IL-17’s role in tumor 
pathogenesis, a significant reduction in tumour growth has 
been observed following administration of a neutralizing 
anti-IL-17 antibody in a murine model of lung ADC (101).  
More specifically, IL-17 was shown to promote lung 
tumour growth and metastasis via several mechanisms, 
which include supporting tumour vascularization and  
EMT (101-103). 

K-Ras mutant tumors, which represent approximately 
30% of all ADCs (99) have also been shown to display a 
dependency on IL17-dependent neutrophil trafficking. 
A bitransgenic mouse model of lung cancer expressing 
both a conditional IL-17 allele along with a conditional 
oncogenic form of K-Ras (K-RasG12D) grew tumors more 
rapidly, resulting in a significant reduction in survival 
time, compared to mice with a K-Ras mutation only. 

Additionally, IL-17:K-Ras tumors had significantly more 
TANs and fewer CD4+ and CD8+ T cells than K-Ras 
tumors (99). Consequently, resistance to PD-1 immune 
checkpoint blockade was observed in IL17:K-Ras mice that 
could be rectified by neutrophil depletion with an anti-
Ly6G antibody, which reconstituted T cell activation (99). 
This suggests that the IL-17-neutrophil axis is pathogenic 
in the inflammatory lung cancer landscape, and that IL-
17 targeting may reduce tumor growth in K-Ras mutant 
tumours. 

Conclusions

The historic perception of neutrophils is that they are 
short-lived innate immune cells geared towards pathogen 
clearance with limited capacity to respond to environmental 
cues. It has now become increasingly clear that neutrophils 
are an important cellular feature in many solid tumours, 
including lung cancer. Whilst the relationship between 
neutrophils and cancer is complex, their prevalence in the 
lung cancer landscape will be influenced by the systemic 
and local inflammatory response initiated by inhaled 
irritants such as tobacco smoke consumption. We now 
know that as COPD progresses in disease severity, so does 
the level of neutrophil infiltration and risk for developing 
lung cancer. NSAIDs also display broad anti-inflammatory 
actions including inhibition of neutrophil trafficking and 
degranulation, and it is tempting to speculate whether 
modest benefits in reducing lung cancer risk are associated 
with modulating neutrophil function in the TME. Indeed, 
targeting neutrophils in pre-clinical K-Ras mouse models 
results in a reduction in tumour burden. Neutrophils play 
a critical role in various stages of tumour progression, 
where the TME can influence the emergence of distinct 
neutrophil phenotypes that produce several key mediators 
involved in tumour growth and invasiveness. Mediators 
such as NE, MMP-9, ROS and several cytokines are 
recognized for their ability to influence the growth of 
cancer cells. Of emerging interest is how neutrophils utilize 
these potent tools to engage in crosstalk with cytotoxic 
cells where TANs can suppress anti-tumoral T cell 
lymphocyte function. Consistent with this concept, a high 
NLR is a prognostic marker for poor outcomes in NSCLC 
patients. In summary, a greater effort should be placed on 
understanding the biology and plasticity of neutrophils in 
lung cancer. There is an opportunity to develop selective 
therapeutic strategies to suppress pathogenic neutrophil 
phenotypes as an adjuvant therapy to reactivating cytotoxic 
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killing of cancer cells. 
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