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Abstract. Lung cancer is the most common malignancy and 
the leading cause of cancer mortality worldwide; therefore, it 
is very important to understand the mechanism of its occur‑
rence and progression. It has reported that inflammation is 
linked to the incidence of various malignancies. Neutrophils 
not only participate in the inflammatory response, but are also 
involved in the composition of the tumor microenvironment. 
Tumor‑associated neutrophils (TANs) are infiltrating neutro‑
phils in tumors that directly promote tumor development and 
progression. Moreover, they regulate the immune microenvi‑
ronment and affect the therapeutic efficacy and prognosis of 
lung cancer. In the present review, the role of TANs in lung 
cancer development/progression and the underlying molecular 

signaling are evaluated, as well as the possibility of TANs as a 
potential therapeutic target for lung cancer intervention.
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1. Introduction

Lung cancer remains the leading cause of cancer incidence 
and mortality globally, with an estimated 2 million new diag‑
noses and 1.8 million deaths in 2019 (1). Non‑small cell lung 
cancer (NSCLC) accounts for ~85% of all lung cancer cases, 
with a 5‑year survival rate of only 16% (2,3) despite recent 
advancements in targeted therapy and immune checkpoint 
inhibitors (4,5). Metastasis is a major cause of death in patients 
with malignant tumors, accounting for ~90% of cancer‑asso‑
ciated deaths. Tumor metastasis has been reported to depend 
on the formation of a pre‑metastatic niche (PMN) (6,7). The 
PMN specifically refers to the microenvironment in which 
the primary tumor foci are prepared for distant dissemina‑
tion and colonization of tumor cells. The features of this 
microenvironment include inflammation, immunosuppres‑
sion, angiogenesis/vascular permeability, organophilicity, 
reprogramming and lymphangiogenesis (8‑10). An early study 
reported that lung cancer metastasis was highly correlated 
with leukocytosis (11). It has been reported that tumor‑asso‑
ciated neutrophils (TANs), which are major components in 
tumor‑associated inflammation, support lung cancer cell 
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growth, invasion, angiogenesis and cancer cell metastasis, and 
are associated with a poor prognosis (12‑14). Therefore, the 
present study reviewed the role and mechanisms of TANs in 
lung cancer development and progression, as well as TANs as 
a potential therapeutic target for lung cancer. 

2. TANs

Neutrophils account for 50‑70% of all white blood cells in the 
circulation and serve an important role in the inflammatory 
process, which is regarded as the first line of defense against 
infection (15). Neutrophils in the blood circulation are usually 
dormant and will be activated once they migrate into the 
tissues (16). TANs are infiltrating neutrophils within tumors. 
The chemokines produced by tumors attract the neutrophils 
from the blood circulation, which enter the tumor tissue 
through the blood vessel wall and then form TANs. The spleen 
is a recently discovered reservoir of mononuclear cells, and a 
large number of TAN precursor cells migrate from the spleen 
to the tumor stroma (17). Furthermore, splenectomy has been 
reported to decrease the number of primary tumor infiltrating 
TANs, leading to a reduced number or size of metastases (18). 
Once TANs are activated in the tumor microenvironment, they 
appear to increase the complexity of the inflammatory envi‑
ronment through a mechanism that involves the attraction of 
other leukocytes. TANs secrete a large amount of interleukin‑8 
(IL‑8), which promotes neutrophil survival and recruits more 
neutrophils (19). TANs serve a major role in numerous aspects 
of tumor development, such as malignant transformation, tumor 
progression, extracellular matrix modification, angiogenesis, 
cell migration and immunosuppression (20‑22). Numerous 
studies have reported that neutrophils promote tumor progres‑
sion by degrading the stroma, immunosuppression, stimulating 
tumor cell proliferation, increasing metastasis and promoting 
angiogenesis (20,23). The enrichment of neutrophils in tumors 
was also reported to be associated with lymph node metastasis, 
tumor differentiation and grade, and tumor stage. These find‑
ings indicated that tumors and the tumor microenvironment 
regulated neutrophil recruitment and that TAN feedback regu‑
lated tumor progression (24,25). Furthermore, clinical studies 
have reported that patients with lung cancer had high levels 
of neutrophils in both the tumor and the circulation (26‑28). 
The higher neutrophil/lymphocyte ratios were associated with 
higher recurrence rates following operations, less effective 
treatment responses and worse prognoses compared with the 
lower ratios (29‑32).

3. TAN phenotype

TANs have a high functional plasticity, which not only inhibits 
cancer growth but also stimulates cancer progression. Previous 
studies have reported that the phenotypes of TANs are similar 
to the phenotypes of tumor‑associated macrophages, with both 
the ‘N1’ type that inhibits tumor growth and the ‘N2’ type that 
promotes tumor growth and malignant metastasis (33,34). N1 
neutrophils can produce and release cytotoxic mediators such 
as reactive oxygen species (ROS) and myeloperoxidase (MPO), 
to kill tumor cells directly or inhibit tumor cell proliferation. N1 
neutrophils have been reported to inhibit tumor metastasis and 
infiltration in breast cancer by releasing C‑C motif chemokine 

ligand 2 (CCL2) and promoting the production of ROS; in 
gastric carcinoma, a high density of N1 type neutrophils also 
inhibits lymph node metastasis (35,36). However, N2 neutro‑
phils participate in tumor proliferation, invasion and metastasis 
through the synthesis and secretion of proteases. Studies have 
reported that N2 type neutrophil elastase (NE), matrix metal‑
lopeptidase‑9 (MMP‑9) and MMP‑2 promote tumor growth 
and angiogenesis, which results in distant metastasis (37‑41). 
It was also reported that TANs maintained some functional 
plasticity and could be ‘alternately activated’ when exposed 
to different tumor microenvironments (21,42). For example, 
transforming growth factor‑β (TGF‑β) induced a pro‑tumor 
phenotype (N2‑TAN) (42,43), whereas interferon‑β (IFN‑β) or 
inhibition of TGF‑β signaling led to an antitumor (N1‑TAN) 
phenotype (41,44). Further studies reported that administra‑
tion of TGF‑β could convert TANs from an antitumor (N1) 
phenotype into a more permissible (N2) phenotype, whereas 
blocking TGF‑β transformed TANs from the N2 phenotype 
to the N1 phenotype in mouse models of mesothelioma and 
lung cancer  (45,46). IFN‑γ and granulocyte macrophage 
colony‑stimulating factor (GM‑CSF) were reported to be key 
factors in the differentiation process of TANs; IFN‑γ had a 
dose‑dependent specific effect on neutrophil differentiation, 
inducing a hybrid phenotype with immune‑stimulating T cell 
characteristics at low doses, whereas a hybrid phenotype 
induced by programmed death‑ligand 1 (PD‑L1) expression 
with inhibition of T cell response was stimulated at high 
doses (47). In the early stage of tumor development, TANs 
mainly manifest as the N1 type and serve an antitumor role. 
However, in the late stages of tumor development, TANs 
primarily function as the N2 type and promote tumor develop‑
ment, invasion and metastasis (19). Furthermore, the phenotype 
and function of TANs are different in different locations and 
tumor stages. Studies using animal experiments reported that 
mice injected with circulating TANs (cTANs) demonstrated 
more pulmonary metastatic nodules, which suggested that the 
increase in cTANs enhanced tumor metastasis (48). Compared 
with circulating peripheral blood neutrophils, neutrophils 
absorbed into lung tumors exhibit an activated phenotype (19). 
It was reported that there was no difference in the number of 
neutrophils entering tumors between the early and late stage 
of lung cancer in a mouse model (49). However, neutrophils, in 
the early stage of tumor development, are almost completely 
located at the edge of the tumor. It was only during the later 
stages that neutrophils were discovered scattered among the 
tumor cells. Moreover, TANs in early stage tumors demon‑
strate greater cytotoxicity to tumor cells by producing higher 
levels of tumor necrosis factor (TNF)‑α, nitric oxide (NO) and 
hydrogen peroxide (49). These results provide a new concept 
for tumor intervention, namely, the inhibition of cancer 
progression by finding strategies to activate N1 neutrophils 
and/or convert N2 to N1 neutrophils (Fig. 1).

4. Neutrophilic extracellular traps (NETs)

NETs are released by neutrophils in response to extracellular 
pathogens and are typically composed of densified fibrous 
chromatin and polymerized histones, MPO and numerous 
cytoplasmic proteins that promote disease progression and 
transmission  (50,51). Previous studies have reported that 
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NETs are not only involved in the inflammatory process, but 
also promote the adhesion of circulating tumor cells and the 
occurrence of micro‑metastasis (33,52). Compared with that 
in healthy control and early stage tumor groups, the Net levels 
were reported to be significantly increased in patients with 
advanced cancer of the esophagus, stomach, pancreas and lung, 
which was related to TNM staging, supported metastasis and 
was negatively correlated with prognosis (53‑57). Furthermore, 
the molecules released from Lewis lung cancer cells were 
found to activate toll‑like receptor 4 (TLR4), promote the 
formation of NETs, increase the adhesion of cancer cells and 
promote lung cancer progression (58‑60). NETs also function 
as a cancer cell adhesion matrix to promote tumor progres‑
sion  (61,62). The capture of tumor cells by NETS has no 
cytotoxic effect on the cells, rather it enhances tumor prolif‑
eration, invasion and metastasis by triggering the expression of 
tumor IL‑8 (63). NETs have also been reported to trigger meta‑
static potential through the internalization of captured tumor 
cells and the activation of TLR4/9‑COX2 signaling, mediating 
cell death resistance and enhancing invasion (64). Elevated 
COX2 expression levels are associated with higher metastatic 
behavior, including protective cell death, the induction of 
invasion, the stimulation of angiogenesis and the suppression 
of immune surveillance (65‑67). Furthermore, NETs promote 
tumor micro‑metastases by the activation of cancer‑related 
fibroblasts (68). A previous study reported that tumor‑secreted 
protease cathepsin C in breast cancer induced lung metastasis 

by the regulation of neutrophil recruitment and the formation 
of NETs (69) (Fig. 1).

5. Mechanism of neutrophil recruitment

TANs can be differentiated on the basis of their activation 
and cytokine status, and their effect on the growth of N1 
and N2 TAN tumor cells. N1 TANs are characterized by 
high expression levels of TNFα, CCL3 and intercellular 
adhesion molecule (ICAM)‑1, and low expression levels of 
argininase axis proteins, whereas N2 neutrophils are typified 
by the upregulation of chemokines, including CCL2, CCL3, 
CCL4, CCL8, CCL12, CCL17, C‑X‑C motif chemokine 
ligand (CXCL)1, CXCL2, IL‑8/CXCL8 and CXCL16  (33). 
A previous study reported that the serum CXCL1 level was 
significantly upregulated in tumor‑bearing mice with Lewis 
lung carcinoma (3LL) cells and that the depletion of CXCL1 
in 3LL cells significantly inhibited neutrophil infiltration, 
which led to decreased tumor growth in  vivo  (70). These 
results indicated that CXCL1 was involved in TAN infiltration 
of lung cancer and promoted tumor growth. CXCR2 and its 
ligands (i.e., CXCL1‑3, CXCL5, CXCL7 and CXCL8) were 
reported to be responsible for the recruitment of neutrophils 
under normal physiological conditions and to participate in 
the mobilization of TANs (71). Furthermore, oxidative sterols 
derived from Lewis lung cancer cells serve a critical role in 
the promotion of neutrophil recruitment to tumor tissues by 

Figure 1. Circulating neutrophils enter the tumor tissue under the action of chemokines to form TANs. TANs demonstrate the ‘N1’ phenotype that inhibits 
tumor growth and the ‘N2’ phenotype that promotes tumor growth and metastasis. TGF‑β promotes the production of N2 TANs, whereas the presence of 
IFN‑β/γ or the inhibition of TGF‑β induces the production of N1 TANs. N1 TANs inhibit lung cancer growth through ADCC and TRAIL. N2 TANs secrete 
NE, MMP‑9 and MMP‑2 to trigger tumor growth. Lung cancer cells activate TLR4, which stimulates the formation of NETs, which leads to tumor progression. 
TANs, tumor‑associated neutrophils; TGF‑β, transforming growth factor‑β; IFN, interferon; ADCC, antibody‑dependent cell‑mediated cytotoxicity; Th17, 
T‑helper cell 17; TRAIL, TNF‑related apoptosis‑inducing ligand; NE, neutrophil elastase; MMP, matrix metallopeptidase; TLR4, Toll like receptor 4; NETs, 
neutrophil extracellular traps; CXCL, C‑X‑C motif chemokine ligand. 
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CXCR2 (72). TANs participate in the tumor microenviron‑
ment through secretion of PD‑L1, CXCR4, CCR5, Adam 17 
and NOS2, and are reported to have an immunosuppressive 
effect in T‑cell proliferation assays. Tumors with overexpres‑
sion of CXCL5 have reduced frequencies of lung metastasis 
and neutrophil depletion reverses this effect  (73). Tumor 
suppressor chemokines CXCL8 and CXCL6 are also involved 
in neutrophil infiltration (74). Recently, the CXCL8‑CXCR1/2 
axis was reported to serve an important role in the occurrence 
of solid tumors, including cancer of the lung, colon and breast. 
CXCL8 was reported to promote tumor growth and metastasis 
through increased MMP‑2 activity (75,76). Changes in cell 
adhesion molecules (CD62L and CD54) and CXC chemokine 
receptors (CXCR1 and CXCR2) are related to leukocyte 
activation, chemotaxis enhancement and trans endothelial 
migration (77,78). Circulating neutrophils were reported to be 
attracted to tumor tissues from blood vessels by chemokines, 
which bind to the G protein coupled receptors CXCR1 and 
CXCR2 on the surface of neutrophils (34,79). Moreover, it has 
been reported that neutrophils and T helper cell 17 (Th17) cells 
can stimulate each other in a chemokine/cytokine‑dependent 
manner. Th17‑produced cytokines, including IL‑17A and 
IL‑17F, can indirectly induce the recruitment of neutrophils, 
and active neutrophils release CCL2 and CCL20 chemokines 
to induce chemotaxis of Th17 cells. Furthermore, activated 
Th17 cells can directly attract neutrophils by releasing 
bioactive CXCL8 (80). IL‑17C was also reported to promote 
neutrophil recruitment, tumor‑related inflammation, and 
tumor proliferation and growth (81).

6. Regulatory mechanism of TANs on tumor 
angiogenesis/epithelial‑mesenchymal transition (EMT)

Angiogenesis is essential for tumor metastasis. Previous 
studies have reported that TANs support tumor metastasis by 
generating angiogenic factors and stromal degrading enzymes 
to drive tumor angiogenesis (82,83). TANs are an important 
source of MMP‑9 in NSCLC (84,85). Furthermore, in a tumor 
xenotransplantation model, the upregulation of Bv8 (also 
known as activin‑2) in neutrophils induced by granulocyte 
colony‑stimulating factor (G‑CSF) was reported to promote 
tumor angiogenesis  (86). It has also been reported that 
G‑CSF promotes the recruitment of neutrophils to tumors, 
which express Bv8 leading to induction of angiogenesis and 
resistance to anti‑vascular endothelial growth factor (VEGF) 
therapy  (87,88). EMT serves an important role in tumor 
invasion and metastasis (89,90). Several molecular pathways 
that mediate EMT in cancer cells have been reported, such 
as the TGF‑β, Ras, Notch and Wnt/β‑catenin cascades (91). 
In previous studies, the formation of vascular mimicry 
(VM) was induced by cancer‑associated fibroblast (CAFs) 
in both in vitro and in vivo experiments. Notch 2‑Jagged 1 
cell‑cell contact between cancer cells and CAFs contributes 
to VM network formation. Intercellular adhesion molecule‑2 
contributes to VM‑mediated neutrophil infiltration. VM 
networks not only change the phenotype of neutrophils 
from the tumor‑suppressing N1 type to the tumor‑promoting 
N2 type, but also provide a vital channel for the infiltra‑
tion of neutrophils. VM networks serve a crucial role in the 
promotion of lung cancer metastasis and chemoresistance to 

angiostatic therapy (92‑94). Tumor cells and mesenchymal 
cells secrete chemokines, which bind to CXCR1 and CXCR2, 
the G‑protein coupled receptors expressed on the surface of 
neutrophils, promoting tumor progression (34,79). TANs were 
also reported to promote the EMT of lung adenocarcinoma 
cells in vitro and enhance their migration activity (91,95).

7. TAN regulation of T cells

As well as acting directly on tumor cells, TANs regulate 
T lymphocytes to control tumor growth. It has been previ‑
ously reported that granulocyte myeloid inhibitory cells are 
able to inhibit CD8+ T cell proliferation and activation. The 
infiltrating neutrophils in tumor tissues express higher levels 
of MPO, Fas/Fas ligand and PD‑L1, which are involved in 
the TAN‑mediated inhibition of CD4+ and CD8+ T cells (70). 
Michaeli et al (96) reported that TANs promote immunosup‑
pression by strongly inducing CD8+ T cell apoptosis, which 
leads to tumor progression. The mechanism by which TANs 
induce CD8+ T cell death involves the TNF signaling pathway 
and NO production. In the early stage of lung cancer, TANs 
are not immunosuppressive, rather they stimulate the T‑cell 
response and enhance the immune response of cytotoxic 
T lymphocytes, which leads to the inhibition of tumor develop‑
ment (19,97). Activated T cells lead to significant upregulation of 
CD54, CD86, OX40L and 4‑1BBL costimulatory molecules on 
the surface of neutrophils, which further support T‑cell prolif‑
eration in a positive feedback loop. In the case of lung cancer, 
a subset of TANs, at the early stage of tumor development, 
stimulates T‑cell activation by secreting GM‑CSF. Moreover, 
TANs produce classical pro‑inflammatory cytokines, such 
as GM‑CSF and IL‑6, which serve as positive regulators of 
T cells, leading to tumor suppression (98). Neutrophils can 
also secrete cytokines, including TNFR and cathepsin G, 
which act directly on T cells and enhance the overall adap‑
tive immune antitumor response  (99). Furthermore, TANs 
have been reported to support the adaptive antitumor immune 
response by secreting chemokines such as CXCL9 or CXCL10 
to recruit T cells to tumor sites (46) (Fig. 2).

8. Additional mechanisms of neutrophils for facilitating 
lung cancer progression

NE is a neutrophil‑derived protease with broad substrate and 
neutrophil specificity (100). NE promotes lung cancer growth 
in the LOX‑Stop‑Stop‑K‑ras mouse model. This effect of NE 
is not through the degradation of the extracellular matrix, 
but rather by direct action on the tumor cells  (37). NE is 
not only involved in the occurrence of lung cancer, but also 
induces distant metastasis. Wislez et al (101) studied the role 
of neutrophils in the metastasis of bronchoalveolar carcinoma 
and reported that human lung adenocarcinoma cells interact 
with neutrophils. The neutrophils promoted the abduction of 
cancer cells through secretion of NE, which suggested that NE 
is involved in tumor metastasis (101,102). NE also accelerates 
the lung tumor growth through mediation of the degradation of 
IRS‑1. In addition to NE, matrix metalloproteinases (MMPs) 
are important proteolytic enzymes released by neutrophils. 
MMPs degrade the extracellular matrix to promote neovascu‑
larization and tumor metastasis (40,103).
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9. TAN inhibition of lung cancer

Contrary to the aforementioned tumor‑promoting effect of 
TANs, a number of studies using animal tumor models have 
reported the antitumor and anti‑metastatic functions of neutro‑
phils. A subset of TANs exhibit antitumor presenting cell 
(APC) characteristics in early stage human lung cancer (103). 
IFN‑γ and GM‑CSF partially promote the APC character‑
istics of immature neutrophils by downregulation of the 
transcription factor Ikaros (104). TANs directly inhibit tumor 
cell proliferation through antibody‑dependent cell‑mediated 
cytotoxicity. The antibodies recognize tumors through the Fc 
receptor on the surface of TANs, releasing cytotoxic media‑
tors, which results in cytotoxicity and the killing of tumor 
cells. TANs also directly produce cytotoxic mediators such 
as ROS and MPO, and NADP oxidase, to eliminate tumor 
cells. TANs have also been reported to release TNF‑related 
apoptosis‑inducing ligand, which results in the apoptosis of 
tumor cells (105‑107). Previous studies have reported that 
type I IFN can change the phenotype of TANs to antitumor 
characteristics and prolong the life span of neutrophils 
in both mice and humans. In the absence of IFN‑β, TANs 
exhibit pro‑tumor characteristics, such as the low expression 

of NETs, decreased tumor cytotoxicity, and the low expres‑
sion of ICAM‑1 and TNF‑α. In both a mouse melanoma 
model and patients with melanoma, IFN‑β has been reported 
to induce the polarization of N1 neutrophils towards the anti‑
tumor type N1 TAN (41). IFN‑β can inhibit the expression of 
angiogenic factors such as VEGF and MMP‑9 in neutrophils 
during tumor invasion (108). In the LLC lung cancer model, 
the lung metastasis rate of IFFNAR1(‑/‑) mice with impaired 
type I interferon signal was reported to be higher than that 
of the control group. Formation of the pre‑metastatic niche 
and reduced neutrophil toxicity to tumor cells enhanced the 
metastatic process in IFFNAR1(‑/‑) mice (109). Furthermore, 
IFN‑β serves a major role in regulating neutrophil production 
and their longevity in the primary tumor (110,111). The anti‑
tumor effect of neutrophils in the tumor microenvironment 
in solid tumors varies with tumor type, tumor progression 
stage and treatment type. Although numerous clinical data 
suggest that neutrophil infiltration leads to poor prognoses 
in solid tumors, some tumor therapies depend on functioning 
neutrophils to be effective. Therefore, controlling neutrophil 
phenotype could be an effective treatment option, even 
though the factors that mediate neutrophil polarization are 
still not entirely clear.

Figure 2. In the early stage of lung cancer, TANs produce a large amount of CD54, CD86, OX40L and 4‑1BBL, which co‑stimulate the molecules on the surface 
of neutrophils through interaction with activated T cells. GM‑CSF and IL‑6 secreted from TANs stimulate T‑cell activation, and CXCL9 or CXCL10 produced 
by TANs facilitates recruitment of T cells. This positive feedback regulation promotes T‑cell proliferation/activation, which results in tumor inhibition. In 
advanced lung cancer, TANs produce G‑MDSC, MPO, Fas/FasL, PD‑L1 and TNF‑α, which inhibit CD4+ and CD8+ T cells, leading to tumor progression. 
TANs, tumor‑associated neutrophils; GM‑CSF, granulocyte macrophage colony‑stimulating factor; IL, interleukin; CXCL, C‑X‑C motif chemokine ligand; 
G‑MDSC, granulocyte myeloid inhibitory cells; MPO, myeloperoxidase; FasL, Fas ligand; PD‑L1, programmed death‑ligand 1; TNF‑α, tumor necrosis 
factor‑α. 
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10. TANs and the prognosis of lung cancer

Chronic inflammation is not only related to the onset and 
progression of lung cancer, but also negatively affects 
the chemotherapeutic response and prognosis of patients. 
Previous studies reported that the density of tumor‑associated 
CD66b neutrophils in NSCLC was an adverse prognostic 
factor and a marker of systemic blood inflammation (112). 
Inflammation was also reported to interfere with the effect 
of immunotherapy. In patients with NSCLC, low neutro‑
phil absolute value and high lymphocyte and eosinophil 
counts were reported to be positively correlated with 
nivolumab therapeutic outcome. Furthermore, higher neutro‑
phil‑to‑lymphocyte ratio (NLR) and platelet‑to‑lymphocyte 
ratio (PLR) are negatively correlated with overall survival 
(OS) and progression‑free survival (PFS) times, as well as 
with a poor response to nivolumab in patients with meta‑
static NSCLC. However, low NLR and PLR are associated 
with longer PFS times (30,113,114). Furthermore, elevated 
white blood cell counts are associated with survival in 
those patients with NSCLC suitable for resection. In a study 
involving patients with early stage (stage I to III) NSCLC, 
high CD66b neutrophil density was reported to have a 
small effect on OS, but was associated with the incidence 
of recurrence after surgical resection (32). CD66b positive 
neutrophils were reported to be elevated in 50% of NSCLCs 
and the increase in CD66b‑positive cells was associated 
with a higher cumulative incidence of relapse (CIR) (median 
CIR, 51 months in patients with low CD66b‑positive cell 
density vs. 36 months in patients with high CD66b‑positive 
cell density) and tended to have worse OS time (median 
OS, 57 months for patients with low CD66b‑positive cell 
density vs. 54 months for high CD66b‑positive cell density 
group). Furthermore, Rakaee et al (115) reported the relative 
subtype‑specific prognostic significance of TANs in patients 
with early NSCLC; the presence of CD66b TANs in squa‑
mous cell carcinoma was described as a positive prognostic 
factor, whereas in adenocarcinoma it was reported as a nega‑
tive prognostic factor. However, a different study reported 
that high neutrophil counts were associated with a poor 
prognosis in patients with squamous cell carcinoma, but not 
adenocarcinoma (26). Moreover, high neutrophil counts were 
reported to be associated with a poor prognosis in patients 
with NSCLC who were treated with immune checkpoint 
inhibitors (116).

11. Limitations of TAN research and TANs as a potential 
therapeutic target in lung cancer 

Neutrophils have recently emerged as an important 
factor in the occurrence and development of lung cancer. 
However, a number of the current studies on the role of 
neutrophils in lung cancer are based on animal experiments 
and most of the clinical data reported were obtained from 
the separation of neutrophils from peripheral blood. Data 
on the phenotype and function of TANs in patients with 
lung cancer remain limited and mostly come from patients 
with early disease. The potential of TANs as a therapeutic 
target for cancer still requires further study. The change 
in the phenotype and function of TANs should be one of 

key research topics in lung cancer, which could lead to 
the development of a new immunotherapeutic strategy. 
As TGF‑β induces the N2 phenotype and inhibits the N1 
antitumor phenotype of TANs, blocking TGF‑β could be a 
potential therapeutic approach. Furthermore, neutralization 
of chemokines to impair recruitment of neutrophils to the 
tumor could be another effective therapeutic strategy. For 
instance, blockage of the CXCL‑8/CXCR‑1/CXCR‑2 axis 
using neutralizing antibodies could inhibit the function of 
N2 TANs. Therefore, further studies are required to gain 
a detailed understanding of TANs and lung cancer, and 
to evaluate the modulation of TANs as a novel antitumor 
therapy in lung cancer.

12. Conclusions

There is increasing evidence demonstrating that TANs 
infiltrate lung cancer tissue. TANs exhibit plasticity between 
the antitumor N1 and pro‑tumor N2 phenotypes, which is 
determined by the levels of related signaling factors in the 
tumor microenvironment. The present review evaluated the 
role of TANs in the onset and progression of lung cancer and 
the underlying mechanisms, including the direct and indirect 
effect of TANs on tumor cells, with emphasis on the role of 
TANs in lung cancer progression. The literature strongly indi‑
cated that TANs are crucial factors in lung cancer and could be 
a new immunotherapeutic target in this disease.
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