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With over a million deaths every year around the world, lung cancer is found to be the most recurrent cancer among all types.
Nonsmall cell lung carcinoma (NSCLC) amounts to about 85% of the entire cases. The other 15% owes it to small cell lung
carcinoma (SCLC). Despite decades of research, the prognosis for NSCLC patients is poorly understood with treatment options
limited. First, this article emphasises on the part that tumour microenvironment (TME) and its constituents play in lung cancer
progression. This review also highlights the inflammatory (pro- or anti-) roles of different cytokines (ILs, TGF-β, and TNF-α)
and chemokine (CC, CXC, C, and CX3C) families in the lung TME, provoking tumour growth and subsequent metastasis. The
write-up also pinpoints recent developments in the field of chemokine biology. Additionally, it covers the role of extracellular
vesicles (EVs), as alternate carriers of cytokines and chemokines. This allows the cytokines/chemokines to modulate the EVs for
their secretion, trafficking, and aid in cancer proliferation. In the end, this review also stresses on the role of these factors as
prognostic biomarkers for lung immunotherapy, apart from focusing on inflammatory actions of these chemoattractants.

1. Introduction

Cancer, largely a result of random mutations, goes through a
multistep process of carcinogenesis. During the course, sev-
eral genetic modifications pile up. This ultimately leads to
unusual and dissolute cell growth, in most cases, giving rise
to the malignant phenotype [1]. Among all types of cancers,
lung cancer is not only most common but also poses a grave
danger, leading to deaths predominantly among males
followed by female patients the world over. Lung cancer, as
we know, is heterogeneous and what contributes to its occur-
rence, explosion, and metastasis are the factors like genetic

mutations, environmental, and individual habits. Many
genes with specific and intricate cellular pathways are said
to play a major part in such processes [2]. Because initial-
stage detection of lung cancer is as low as 16%, the survival
rate for five years stands at 5% for metastatic lung cancer,
and this percentage is significantly lower than that of pros-
tate, breast, and colon cancers [3]. The plausible reason for
this could be the lack of effective treatments, despite advances
in identifying the key mutations that lead to the progress of
molecular-targeted treatments. The majority of lung cancer
patients are diagnosed when they have symptoms and are
in an advanced stage of the disease, and curative therapy is

Hindawi
Oxidative Medicine and Cellular Longevity
Volume 2021, Article ID 5563746, 20 pages
https://doi.org/10.1155/2021/5563746

https://orcid.org/0000-0003-4827-4329
https://orcid.org/0000-0002-3995-2370
https://orcid.org/0000-0002-1329-1391
https://orcid.org/0000-0002-1491-6402
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5563746


no longer a choice. Long sought after has been a reliable
screening test for early detection with the goal of lowering
lung cancer mortality. Potential screening tests include spu-
tum cytology, chest radiography, and computed tomography
(CT) scan. Low-dose CT (LDCT) screening reduced mortal-
ity by 20% in the National Lung Screening Trial (NLST), and
recommendations also recommend annual LDCT screening
for those at high risk. Screening is being implemented with
the aim of seeing the benefits in clinical practice rather than
in a research study environment. Management of false posi-
tives, expense, incidental findings, radiation exposure, and
overdiagnosis are all concerns. In order to enhance lung can-
cer patient outcomes, studies are continuing to examine
LDCT screening and the use of biomarkers in risk assessment
and diagnosis [4].

Unfortunately, the resistance mechanisms of cancer cells
have worked overtime to blunt the efficacy of the treatments
[5]. For proper lung cancer detection, criteria with patholog-
ical basis have been identified by theWorld Health Organiza-
tion (WHO). Biopsy through bronchoscopy to identify the
morphology of squamous cell carcinoma or adenocarcinoma
is considered as the gold standard when it comes to confir-
mation of lung cancer [6, 7]. When no specific morphological
proof is found, the tumour is categorised as NSCLC, which
has further subdivisions, and they are based on various attri-
butes like mucin staining, molecular data-based marker
examination, and immunohistochemistry (IHC) [8].

In 1878, threatening lung tumours addressed just 1 per-
cent of all malignancies visible during autopsies; these days,
they are the main source of disease mortality, with 1∙37 mil-
lion passings universally every year. Adjuvant chemotherapy
expands 5-year endurance by just 5%, and medical procedure
like surgeries stays the most ideal choice for accomplishing
long haul abatement. New remedial procedures are hence
excitedly anticipated. Directed treatments dependent on
subatomic changes in subgroups of cellular breakdown in
the lungs have effectively furnished some clinical advantage
in patients with transformed epidermal development factor
receptor (EGFR) or echinoderm microtubule-related
protein-like 4-anaplastic lymphoma kinase (EML4-ALK)
revision. Immunotherapy that means to invigorate the safe
framework is another alternative for treating malignant
growth, and there has been reestablished revenue in this
methodology since 2011, when the US Food and Medication
Organization endorsed ipilimumab for metastatic melanoma
and sipuleucel-T immunization for asymptomatic, metasta-
tic, castrate-resistant prostate cancer [9].

1.1. Lung Cancer and Its Types. This is categorised into
nonsmall cell lung carcinoma (NSCLC), accounting for
85%, and small cell lung carcinoma (SCLC), the remaining
15% of cases [10]. Based on histology, NSCLC has three
subdivisions which include adenocarcinoma (ADC), large-
cell lung cancer, and squamous cell carcinoma (SCC).
NSCLC, which is not gendered and the most common form,
is noticed in both smokers and nonsmokers with 40% of
them being ADC victims. The origin of ADC is found in type
II alveolar cells of lungs’ exterior hiding mucus [11]. The
other subdivision, SCC, found in the middle of the lungs aris-

ing in flat squamous cells laden interior of airways, accounts
for about 25 to 30% owing mainly to cigarette smoking [12].
However, large cell (indistinguishable) carcinoma—it can be
traced to any part of the lung and spreads quickly—is preva-
lent in 10 to 15% of cases [8]. Though surgical resection is
very much in vogue to treat patients of all types of NSCLC,
conventional treatments like radiotherapy and multimodal
neoadjuvant chemotherapy are followed [13].

But then, the survival of patients is more often than not
associated with the stage in which they are. The survival rate
drops as the stage progresses, from over 80% in stage I to
about 5% in stage IV [14]. Several cases of asymptomatic
cancer patients, during routine clinical practice, are not diag-
nosed at the right time. But by the time when the subsequent
results come in for diagnostic purposes, nearly 70% of
NSCLC patients have reached an advanced stage, either
locally or have metastasised to other organs [15]. In other
words, a possible solution to the survival of lung cancer
patients could be an early-warning indicator, the need of
the hour. Inflammation is an important part of the specific
response of the immune system to harmful incitement. There
are numerous research proofs about the role inflammation
plays in tumorigenesis [16].

Of the approximate 1.8 million cases each year, the death
toll is approximately 1.6 million. Improvements in diagnosis
and various treatments notwithstanding, over 50% of
patients do not survive more than a year. This curbs the usual
5-year survival percentage to just about 18%! It can be attrib-
uted to the hostile and metastatic contrivances of lung cancer
with no clarity [17]. This is despite past studies proving that
many genes work in unison to cause lung cancer. Hence,
understanding the molecular mechanisms confined to the
pathogenesis of NSCLC apart from improving diagnosis
and therapy for lung cancer patients is imperative [18].

The disease being multifaceted, it acquires genetic and
epigenetic variations. These changes tend to control differen-
tiation, proliferation, invasion, and metastasis of tumours.
Surgery, considered the most effective treatment for NSCLC
in the initial stage, about 70 to 80% of patients are not
convinced about it essentially because of locoregional tumour
extension, extrathoracic spread, or poor physical and func-
tional condition when diagnosed. Therefore, patients tend
to adopt decisive action of radio or chemotherapy separately
for better prognosis [19]. Alternatively, the neoadjuvant
approach is also followed by surgical resection. Radiotherapy
(RT) does play a vital role to help treat lung cancer [20].
Several studies have proved that about 60% of patients rely
on RT at the early stage of the ailment—about 44% during
diagnosis and about 16% during growth or recurrence [21].
With two-thirds having local ormetastatic cancer during diag-
nosis, chemotherapy is considered a better option to treat lung
cancer [22]. The FDA-permitted treatments have mostly
aimed at processes like angiogenesis along with a focus on
the role of immune checkpoints in describing lung cancer’s
pathological and physiological attributes of the tumourmicro-
environment and prognosis-related attributes [2].

1.2. Tumour Microenvironment and Its Components—Its
Role in Aiding NSCLC Metastasis. The immune system
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framework comprises an integrated cells’ network (lympho-
cytes, macrophages, dendritic cells, and natural killer cells)
that convey through cell-to-cell contact or through surface
microparticles and different mediators (cytokines and
chemokines). Innate immunity, interceded by macrophages,
neutrophils, and NK cells, ordinarily work ahead of schedule
over the span of an insusceptible reaction and include a
restricted arrangement of receptors. On the other hand,
adaptive immunity is constrained by T lymphocytes (CD4+
and CD8+ T cells) and B cells. Initiation of these cells relies
upon the presentation of antigens by dendritic cells; B cells
are enacted by antigens introduced in their local structure,
while CD8+ and CD4+ lymphocytes perceive antigens
prepared into peptides complexed with MHC class I and II
particles, respectively. Adaptive immune system requires a
few days to be viable and instigates robust memory through
germinal gene arrangements that create a huge collection of
T- and B-cell receptors that can specifically perceive a scope
of targets. The cytokine profile delivered by immune cells
decides the response of the immune system: TH1 cytokines
(e.g., IL-2, IFN-γ, and tumour necrosis factor α (TNFα))
favour cell-mediated immunity; TH2 cytokines (e.g., IL-4, 5,
10, and 13) are significant for humoral immunity and allergy;
and TH17 cytokines (e.g., IL-17, 22, and granulocyte-colony
stimulating factor (G-CSF)) lead to an inflammatory response.
Defensive long-haul resistance against cancer, fit for counter-
acting chronic inflammation, appears to depend on effector
and focal memory T helper type 1 (Th1) and T killer type 1
(Tc1) cells, instead of on humoral immune response. The last
effectors of cancer-protective immune response may or prob-
ably will not be the last foragers, in that T cells or NK cells can
kill tumour cells by direct contact through TNF-receptor fam-
ily members (e.g., FAS and TRAIL) or through degranulation
of perforin and granzymes. Similarly, the last effectors can
deliver Th1 cytokines that reprogramme tumour-associated
M2 macrophages, which discharge arginase and inducible
nitric oxide synthase, into M1 killer cells that produce IL-12
and TNFα. Antibodies can likewise repress tumour develop-
ment most effectively when they bind to oncogenic growth
factor receptors (e.g., HER2/NEU and EGFR) and draw in
macrophage or NK cell-actuating Fc receptors or enact the
complement proteins’ cascade [9].

The theory of “seed and soil” given by Stephen Paget
was considered the first research, as back as in 1889, on
the tumour microenvironment (TME). As per the theory,
seeds (tumour cells) were grown on different soil (organ),
that is, now known as microenvironment (ME) [23]. It
became the foundation for developing antiangiogenic and
immunological therapies, targeting TME. It, along with
its stromal components, plays a pivotal role in tumour
progression, recent studies reveal. Hence, it is necessary
to comprehend the TME which, in turn, will help in the
discovery of novice targets for immunological therapies, vital
for NSCLC patients [24]. As it is, their survival rate with
predictable chemotherapy is rather low due to late diagnosis
when the patients are in advanced stages. Intratumoural stro-
mal cells and tumorigenic epithelial cells which are modified
genetically have natural interactions as a result of heteroge-
neity of TME [25]. The primary attributes of cancer which

include inflammation, angiogenesis, immune suppression,
extracellular matrix (ECM), and metastasis are controlled
by these cells [26]. Cancer and noncancerous cells of the
TME interact via gap junctions, effector molecules, and
tunnelling nanotubes [27].

In metastasis, cancer cells from their initial site of occur-
rence migrate to different locations, making it their abode for
further growth. The tumour and theME surrounding it begin
a sequence of steps that make inroads, secure, and reproduce
in a distant tissue, inducing metastasis. For a normal cell to
turn into a tumour is context-based, meaning thereby a
particular TME might induce tumour development while
another may not. The TME encompasses cellular and
noncellular components (Figure 1). Additionally, TME also
includes ECM [26, 28, 29]. Collagen is the most abundant
component of lung tissue ECM which provides tensile
strength. When NSCLC modifies its appearance, the collagen
structure, too, diverges contributing to the formation of a
more appropriate ECM composition for the growth of the
tumour. In NSCLC, cross-linking of collagen can likely be
altered. An enzyme responsible for collagen cross-linking,
lysizide-oxidase (LOX), in hypoxic conditions increases its
presence. Invasion can be induced by the binding of LOX-
associated collagen in NSCLC [26].

Lung cancer’s proliferation, attack, and metastasis are
intricate. The tissues of the tumour have innated genetic
eccentricities which play a role in the spread and exchange
with local ME’s constituent immune cells. TME’s immune
systems, namely, innate and adaptive, work differently [30,
31]. The former, acting as the chief response system against
the foreign invaders, constitutes macrophages (CD68+),
NK-T-cells (CD56+ and CD3+), dendritic cells (DCs)
(CD1c(+)), natural killer (NK) cells (CD49a, CD69, and
CD103), and neutrophilic phagocytes [32]. Tumour metasta-
sis, invasion, and angiogenesis are supported by cancer cells
which promote tumour improvement in case of reprogram-
ming of the system. However, the second, involving B-cells
(CD20+) and two T-cells groups—Helper T-cells (CD4+)
and Cytotoxic T-cells (CD8+), prompts the reduction of
tumour progression [33]. The lung tumour niche is made
up of several constituents—67% of TME is composed of
tumour-infiltrating leukocytes (TILs), aiding in antitumour
response. Tumour-associated macrophages (TAMs) are the
next major constituents while pervading DCs and NK cells
are in small numbers [34].

Another type of TILs, neutrophils which can infiltrate
tumours, can display positive and negative tumoural effects.
But in NSCLC patients, increased density of neutrophil can
be indicative of bad prognosis. In the TME, the most abun-
dant immune system linked stromal cell type is TAMs [5].
Since they are activated off and on, they lead to cancer
progression, epithelial to mesenchymal transition (EMT),
intrusion, and metastasis, resulting in shoddy prognosis.
Malignancy in the TME is furthered by stimulation of
macrophages and other stromal cells (non-malignant), like
vascular endothelial cells and fibroblasts by cancer cells on
being signalled [35]. By influencing treatment responses,
cancer-associated fibroblasts (CAFs) streamline tumour
growth, develop, and invade lung cancer. In the TME, CAFs
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induce angiogenesis, tumour propagation, infiltration, and
metastasis by separating various growth factors like cyto-
kines as a result of inflammatory cells’ function inhibition
[29]. Metastasis is promoted by TAMs’ positive response.
Malignancy is encouraged by TAMs but its explicit mecha-
nism is not yet identified. This might be the reason for the
usage of microfluidic chips in cancer studies due to its bio-
logical compatibility and inexpensiveness [36]. Moreover, it
is easy to regulate cell growth and stimuli spatiotemporally,
indicating its potentiality to be used as a TME mimicking
model [37].

The prerequisites for metastasis include ME regulating
molecules secretion, cell motility, and the start of EMT stim-
ulating invasion in the exterior of the basement membrane;
vessels of the lymphatic system and remote blood where
intravasation occurs; circulating tumour cells (CTCs), essen-
tial for survival and migration to the lymphatics; secondary
tissue where arrival and extravasation occurs; and secondary
site occupation [28, 38].

The recognition of tumour cells at different cell niche is
not an inherent scheme. Metastasis has multiple dimensions
with its genetic and epigenetic modification effects exerted
on the tumour cells and growth factors, new surrounding
ME and relationship with other tumour cells [39]. A vital
regulator of metastasis that EMT is, it constitutes a series of
behavioural changes and phenotypic variations. This causes
malignancy to develop from initial tumours. Also, anticancer
agents’ resistance developed by NSCLC can be attributed to
EMT. Consequently, the solution for this lies in discovering
novel molecular markers associated with NSCLC metasta-
sis and EMT prognosis [26]. Invasion of cancer cell, its
migration, and metastasis begin by a properly documented
mechanism of EMT in which the phenotype anterior–
posterior-polarisedmotilemesenchymal is acquired by epithe-
lial cancer cells which are apicobasal-polarised. During EMT,
there is a downregulated expression of an epithelial marker,
E-cadherin, and diametrically opposite expression of the
smooth muscle actin (a-SMA), a mesenchymal marker [40].

Of the 33% diagnosed NSCLC patients, EMT and exodus
cause them to reach metastasis. Tumour stroma has a crucial
constituent in the form of immune cells, facilitating cancer
progression as they inhibit or promote metastasis and
tumour EMT [41]. Immune cells like mast cells (MCs),
macrophages, and lymphocytes provide conducive condi-
tions for the growth of NSCLC. MCs having a part to play
in relocation and tumour EMT are a fact [42]. MCs have
always subsisted in the heterogeneous immune cells called
bone marrow (BM). It acts through secreting preformed or
newly-synthesised soluble modulators [43]. Inflammation
supplies the tumour ME with bioactive molecules, stimulat-
ing chemokines, EMT, and growth factors [44]. They prevent
cell death leading to cell proliferation and enzymes that
modify ECM, angiogenic promoting factors that enable
tumour angiogenesis, invasion, and metastasis, aggravating
progression of cancer [16, 41].

It is said that roughly one million cancer cells per 1 g of
tumour circulate inside cancer patients every day. Of which,
just a fraction of them endures and reaches a distant location,
forming a niche. So, encoding, programming, and adapta-
tions intrinsically are required with key variations to aid the
process of metastasis, indicating a substantial evolutionary
hurdle that tumours need to surmount and control evolu-
tionary obstacles in tumour cells [28].

The CTCs are invited by compelling ME using a preme-
tastatic site to aid as an organotropism chaperon. Metastatic
deposits and principal tumours release these cells into the
bloodstream. CTCs, immune cells, and platelets along with
macromolecules and small molecules form a functional unit
called circulome [38]. Blood flow-and-NK cells-induced
stress, due to the arrival of these cells in the bloodstream,
can cause severe damage to the cells. Hence, the unfolding
of the metastatic cascade by CTCs is challenging. CTCs can
be protected by platelet-rich thrombin covered by tumour
cell tissue-mediated platelet activation and coagulation
cascade initiation [45]. Based on stimuli and TME, protein
synthesis, exosome release, miRNA splicing, and membrane

Tumor cell

Macrophage

Chemokines Cytokines Growth factors

Cancer associated fibroblast

T cell
B cell

Myeloid derived suppressor cell

Dendritic cell

Extra-cellular matrix
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Red blood cell

Figure 1: Tumour microenvironment and its components. The TME entails cellular as well as noncellular components. The former
comprises endothelial cells (ECs), mesenchymal stem cells (MSCs), niche, immune cells, cancerous and noncancerous cells, cancer-
associated fibroblasts (CAFs) and adipocytes (APs) which help in the growth of the tumour. The noncellular component consists of
mediators like cytokines, chemokines, and growth factors. They can promote the progression of a cancer cell or get promoted by themselves.
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inflammation are the different types of platelet changes that
can occur. CTCs’ survival rallied by a platelet transcriptome
is a signal of latent modification caused by capturing mutant
RNAs from tumour cells or mingling miRNAs from TME by
platelets. Such aggregates in which CTCs get entrapped are
protected from immune surveillance by the CTCs. They,
surrounded by these platelet accumulations, are hypothesised
to have the following two situations: either tumour cells are
completely submerged by platelets or in the midcluster
amasses of homotypic origin are formed by platelets whose
periphery is surrounded by CTCs [28]. Despite histological
and cell markers persisting in metastatic cells, antineoplastic
therapies are less effective which can be attributed to metasta-
tic ME being dissimilar. Even after extravasation, blood
vessels remain in contact with cancer cells, up to the point
when the vasculature undertakes remodelling and cooption
happens or when Vascular Endothelial Growth Factor-A
(VEGF-A) tempts angiogenesis [28].

Tumour cells have a specific immune regulating method
to safeguard themselves from the immune system, which
allows them to evade T-cells carrying antigens, leading to
tumorigenesis. T-cells are given to masking many proteins’
expressions—T-cell immunoglobulin and mucin link to
cytotoxic T-lymphocyte domain-3 (TIM-3) [46]. They also
exhibit the same function over Cytotoxic T-lymphocyte-
associated protein-4 (CTLA4) and Programmed Death
Protein-1 (PD-1) along with inhibitory elements. At low
levels in NSCLC, tumours positive for the death ligands are
20-60%. Ligand expression is visible on the plasma mem-
brane of tumours and/or the protoplasm. Damage to T-cell
function causes high levels of PD-1 [26].

At the time of tumour progression, one trademark is
immune evasion, suggesting the involvement of immune
effectors in the TME. In the absence of early detection, the
maximum number of patients is left to face highly toxic treat-
ments with little clinical advantage. The only option to arrest
this problem is to first acquire efficient therapies while
further studying the causes that dominate tumour growth
and spread [22]. Attempts to restrain exchanges between
the immune system and tumours have yielded worthy cancer
therapies, like “Checkpoint blockade.” They impede negative
regulators of T-lymphocyte role, enabling active responses
against tumours. The trials at a clinical level, too, have
discovered dramatic, lasting tumour regression among
almost all cancers, lung adenocarcinoma (LUAD) included,
necessitating many approvals [34].

When there is a healing wound or infection, inflamma-
tory cells trigger a physiological response in the form of
inflammation. Chronic swelling can cause persisting
inflammation which can then lead to severe damage to
the tissue due to cellular proliferation and cause dysplasia
and metaplasia [47]. This is indicative of an important
relationship between chronic inflammation and infection
during initial neoplastic growth. This elevates the chances
of malignant ME with inflammatory cells and growth fac-
tors more than the chances of malignant proliferation.
Endothelium and fibroblasts (TILs), apart from local tissue
cells, form the tumour ME. A research group involving
clinical and epidemiological analyses indicated that one-

fifth of the tumour cells was associated with chronic ill-
nesses [33].

The immune system, to overcome surveillance, can pick
and choose the cancer cells. Macrophages linked to cancer
such as monocytes, NK cells, MCs, and innate immune
system preserve carcinogenesis as the tumour necrosis factor
(TNF) and proinflammatory ME mediated by interleukins
(ILs), for EMT to take place, stimulate the Nuclear Factor-
(NF-) κB, helping other transcriptional factors [47]. Inside
the tumour, neovascularisation and metastasis are promoted
by mesenchymal (m-cars) looking and EMT experienced
cancer cells. Nutritional components are provided by angio-
genesis serving as a metastatic corridor. In angiogenesis, an
important part is played by VEGF and VEGF receptor 2-
(VEGFR2-) mediated signalling. For transpiration, EMT
necessarily requires oxygen. If the tumour has regions of
low oxygen then it can result in the expression of Hypoxia-
Induced Factor (HIF) [48, 49].

Along with tumour carcinogenesis and outcomes, the
development of tumour-associated inflammatory ME occurs,
having two primary units: inflammatory mediators like che-
mokines and cytokines and different cells like an epithelial,
macrophage, lymph, and tumour cells. There exists an estab-
lished connection between illnesses like pulmonary fibrosis
and chronic obstructive pulmonary disease with lung cancer
[50]. Hence, molecular and cellular exchanges present in the
inflammatory ME of NSCLC need to be extensively studied.
This can help in preventing cancer along with checking
metastatic processes and intrusions by hitting specific targets
(Table 1) [51].

2. Cytokines/Chemokines’ Roles in Tumour
Progression and Immunotherapy

With lung cancer getting the better of all available treatment
strategies, it is pertinent to look for some alternatives, espe-
cially when defence against cancer cells revolves around the
immune system. TILs (immune cells) of the TME, particularly
lymphocytes and macrophages, produce low-molecular-
weight and nonstructural proteins called cytokines (<30kDa)
and chemokines which regulate many cellular activities.
Such processes include metabolism, proliferation, cell and
tissue repair, and chemotaxis that involve interaction with
specific cell receptors which possess intercellular signalling
through autocrine, paracrine, and endocrine modes of
action [52, 53]. However, cytokines and chemokines are
known to play significant roles in producing local as well as
systemic inflammation. In the TME, these factors matter a
lot in tumour progression and spread, besides therapy resis-
tance. Both cytokines (IL-6, 10, 17, 27, 35; TNF-α; IFN-γ;
TGF-β) and chemokines (CCL-2, 5, 18; CCR-4; CXCR-4;
CX3CL-1; CXCL-1, 5, 8, 13) are very commonly targeted for
lung cancer treatment, considering their biomarker roles [5].

IL-6, a cytokine, is secreted majorly by macrophages
among other stromal cell types in the TME. Its hormonal
action (autocrine and paracrine) is illuminated once it binds
to IL-6R (ligand-binding receptor). Its function in the TME
involves the mediation of several responses. It aids prolifera-
tion, apoptosis, invasion, angiogenesis, EMT, and metastasis
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via immunosuppression. It also relocates tumour cells to
other new sites as wells as lymph nodes, rich in T-lympho-
cytes, according to a recent study [54]. T-cells are capable
enough to move tumour from one state to another, say from
suppressive to responsive and prevent progression and
spread. TAM-based IL-6 provokes not just immune cell
penetration but also cancer stem cells (CSC) growth and sus-
tenance. In A549, a lung cancer cell line, IL-6 is known to use
phosphatidylinositol-4,5-Bisphosphate3-Kinase/Threonine
Kinase-1/AKT Serine (PI3K/AKT) signal to trigger its
growth. At different stages of lung cancer, IL-6’s mechanisms
upregulated CCL-2/5 and played a part in the EMT and ther-
apy resistance, a recent study in in vivo mouse and in vitro
human lung tumour representations indicated [5]. Blockade
of IL-6 modifies the TME, posing a hurdle in hitherto untried
lung tumorigenesis models. Several methods have been used
aiming IL-6 signalling routes—hindering antibodies and
peptides against Signal Transducer and Activator of
Transcription-3 (STAT3) stimulations, Janus kinase (JAK)
phosphorylation, and IL-6, IL-6R, IL-6–sIL-6R complex [55].
In NSCLC, CAFs play an important role as they increase
EMT signalling to arbitrate chemoresistance [26]. IL-6 pro-
duction is known to be suppressed by IL-10 action [30].

Because of its capability to thrive and react to pathogens
in a provocative atmosphere leading to necrosis and cytotox-
icity in tumours, TNF-α has acquired the sobriquet of pyro-

genic cytokine. It binds with its target cell using either of
the two receptor families—TNFR1 and TNFR2 [5].
According to in vivo and in vitro lung cancer model stud-
ies, TNF-α triggers similar processes as IL-6. These include
apoptosis resistance, proliferation, angiogenesis, invasion,
and metastasis. The downregulation of Cyclin-dependent
kinase inhibitor 1A (CDKN1A) induces doxorubicin treat-
ment producing TNF-α. This, in turn, prompts TP53-
deficient lung tumour apoptosis. TNF-α in the TME
persuades the crosstalk between TAMs and other cellular
components which controls survival and growth routes
besides triggering programmed cell death through TNFR1
[56]. Despite TNF-α’s significance of being antitumorigen-
ic—it reduced the tumour growth—its side effects were the
aberration. So much so, several pieces of research cau-
tioned against manipulating TNF-α when other studies
pitched in on upgraded worthiness [57].

The discovery of T helper 17 (Th17) cells as a third subset
of T helper cells in 2005 altered the traditional Th1/Th2 T
helper cell differentiation paradigm. Th17 cells are distin-
guished from other T-cell lineages by their development of
IL-17, expression of specific transcription factors, and perfor-
mance of specific biological functions. The unique cytokine
combination of TGF- and IL-6 is needed for mouse Th17 cell
differentiation. Furthermore, IL-6 stimulates the synthesis of
IL-21, which works in concert with TGF and IL-23 to

Table 1: Roles and functions of the cellular components secreting cytokines/chemokines in the tumour microenvironment.

Cell type Function in TME References

Tumour-associated
macrophages (TAMs)#

TAMs exhibit M2 macrophage phenotype, i.e., protumorigenic in nature, anti-inflammatory,
and secrete Th2 cytokines. Aid angiogenesis and invasion of cancer cells to secondary sites.

[126]

TIE-2-expressed
macrophages (TEMs)

TEMs are the monocytes that express angiopoietin receptor, TIE-2. Engage in paracrine
signalling with angiopoietin expressing endothelial cells aiding tumour angiogenesis.

[127]

Cancer-associated fibroblasts
(CAFs)

Active stromal-cell populations, aid desmoplastic tumour niche. Promote
angiogenesis and mediate tumour-promoting inflammation by releasing cytokines.

[29]

Neutrophils
N1-type possess antitumorigenic, proinflammatory and secrete Th1 cytokines.
N2-type possess protumorigenic, anti-inflammatory and secrete Th2 cytokines.

[35]

Natural killer (NK) cells
Cytotoxic lymphocytes, in the absence of antigen presentation, kill stressed cells. Detect

and kill tumour cells through “missing self” activation “stress-induced” activation.
[30]

Dendritic cells (DCs)
Antigen-presenting cells (APCs) that regulate adaptive immune response. In the TME, they

promote angiogenesis by stimulated vascularisation.
[128]

Mast cells (MCs)
Generate, maintain innate and adaptive immune responses. Release factors that stimulate

endothelial cell growth to promote angiogenesis in tumour cells.
[42]

Myeloid-derived suppressive
cells (MDSCs)

Disrupt tumour immune surveillance by interfering with T and NK cells functions.
Promote M2 macrophage polarisation.

[129]

B-cells
Modulators of humoral immunity, protumorigenic in nature and secrete cytokines. Alter

Th1:Th2 ratio.
[33]

Regulatory T (Treg) cells
Suppress immune surveillance and elicit protumorigenic roles. Positively correlate with overall

survival (OS) in multiple cancers.
[47]

CD4+ Th cells
Separated into—Th1 and Th2 lineages. Th1 secrete proinflammatory cytokines and are

antitumorigenic in nature while Th2 secrete protumorigenic cytokines and are
anti-inflammatory. [55]

CD8+ Tc cells
Effector cells of the adaptive immune system that recognise and destroy tumour cells via

perforin-granzyme-mediated-apoptosis.
#Macrophages have two subtypes based on the pathway they use for activation—classically activated M1 type and alternatively activated M2 type. Type M1
secretes Th1 cytokines and has proinflammatory and antitumorigenic roles while M2 type secretes Th2 cytokines and possesses anti-inflammatory and
protumorigenic in nature. Th1: Th2 ratio possesses a correlation with tumour grade and stage [130].
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promote Th17 cell differentiation in mice. The early differen-
tiation of murine Th17 cells requires and is aided by IL-1.
Human Th17 cell differentiation requires IL-1, and the ideal
cytokine milieu for human Th17 generation is a combination
of IL-1, IL-6, and IL-23. In addition to cytokine regulation,
molecular programming of transcription regulation is a
determinant of Th17 growth. Signal transducer and activator
of transcription 3 (Stat3), retinoid-related orphan receptor gt
(ROR-gt), nuclear receptor ROR-a, IFN regulatory factor 4
(IRF-4), B-cell-activating transcription factor (B-ATF), and
hypoxia-inducible factor 1 are all essential for Th17 cell
growth (HIF1-a) [58].

A growing body of evidence indicates a link between
chronic infection and inflammation and tumorigenesis. Local
inflammation in the tumour microenvironment attracts a
variety of immune cells, including ab T cells, gd T cells, and
natural killer (NK) T cells, which can all play important roles
in tumour immunity. The presence of Th17 cells in a tumour
microenvironment is predicted, given that Th17 cells have
been recognised as important players in the immunopatho-
genesis of inflammation. Despite the fact that Th17 cells are
abundant in tumour microenvironments, their function in
tumour immunity is debatable. The majority of studies look-
ing into the connection between Th17 cells and cancer have
used mouse models, with mixed results [58].

IL-35, another immunosuppressive cytokine, belongs to
the IL-12 family. It is the only member that is expressed
majorly by Regulatory T-cells (Tregs). IL-35 mediates signal-
ling through STAT1 and STAT4. It does so by binding to
its receptor IL-35R. IL-35 suppresses T-cell proliferation
and effector function. Many reports indicated the Tregs
induced by IL-35 in the TME constraints NK cell’s antitu-
mour activity and functions of CD4 and CD8 [59]. It upreg-
ulated the production of IL-10 and TGF-β to do so.
Concurrent to these findings, it was also reported that
increased levels of IL-35 in the plasma were linked to disease
progression in lung cancer patients. The blockade of immu-
nosuppression by IL-35 using specific monoclonal antibodies
could be considered a potential therapeutic target [60].

IL-10, a cytokine with anti-inflammatory action, is
secreted by stimulated B and T-lymphocytes and macro-
phages. It acts by binding to its receptor IL-10R [55]. Its
major role is to restrain the classical macrophage activation.
It suppresses the generation of IL-1β, IL-6, IL-8, IL-12,
TNF-α—proinflammatory cytokines—and Granulocyte-
macrophage Colony-stimulating Factor (GM-CSF) [30].
Besides, in activated macrophages, it reduces the expression
of major histocompatibility complex-II (MHC-II) by inhibit-
ing antigen presentation. Additionally, IL-10 inhibits the
production of IFN-γ (Interferon-γ) by NK cells and Th1. In
various cancers, serum engagement of IL-10 was very much
evident, concurrently in immune-stimulation and immuno-
suppression. TAM- (M2-) based IL-10 presented constant
prognostic prominence in lung cancer patients. Though there
are some similarities between IL-10 and TAM-based IL-10,
both having been experimented with, the former’s signalling
imprints tread intricate molecular system consisting of 76
reactions and 37 molecules (minimum) to back cancer
expansion [5, 61]. TAM-based IL-10 tends to endorse the

stemness of lung cancer. In in vivo tumorigenesis mouse
model studies, it used NFKB/JAK1/STAT1/NOTCH1 signal-
ling pathways. It also aids in vivo lung cancer progression and
metastasis. It targets upregulation of CCL-2/CCR-2 and
CXC3CL-1/CX3CR-1 axis in macrophage-tumour cell cross-
talk [36]. This signalling barrier of IL-10 is not only under
serious probe but several strategies, too, are going through
clinical appraisal. Though IL-10 is a well-studied cytokine,
the role it plays in cancer therapy is still unelucidated [62].
Different approaches like developing monoclonal antibodies
and blocking peptides, against IL-10, are undergoing various
pathological screening. Some other plans for receptor-
blocking (IL-10R) and small-molecule inhibitors which aim
at the signalling of JAK/STAT3 are also being undertaken
[63]. Some evidence pointed to the inhibitory role of IL-10
+ Bregs (Regulatory B-cells) in human lung cancer, especially
in ADC. They are known to be linked to tumour progression
[33]. Besides, IL-10 is also considered very important to
maintain anti-inflammatory regulatory T-cells (Tregs)
homeostasis. It also plays a vital part in the clampdown of
IL-17-expressing T-cells (Th17), proinflammatory in nature
[64]. The sense of balance maintained by various T-cell pop-
ulations between pro- and anti-inflammatory signals is cru-
cial for the suppression of tumour progression [64]. Despite
various roles, IL-10’s capability in downregulating MHC I
leads the tumour cells, NK-sensitive [30]. This was indicative
of IL-10 with a combined effect of stimulatory cytokines like
IL-2 and might trigger NK cell-mediated immunity against
tumour cells. Yet conflicting evidence on the part of IL-10
in cancer is emerging. One plausible reason, as cited by Kon-
jević et al., explains that its function is maintained by not just
environmental factors but a balance of cytokines too [65].

Myeloid-derived suppressor cells (MDSCs) play an
inhibitory role leading to antitumour immune response,
promoting an immunosuppressive tumour environment
[66]. Since the 1990s, after the discovery of IL-10, its role in
cancer immunotherapy has raised eyebrows thanks to its
complexity. In many cancer types, it is known to aid in
tumour progression (HIV-positive cervical cancer [67]),
while in gastric adenocarcinoma [68] and prostate cancer
[69] cases, diminished levels of IL-10 are found to be a
high-risk factor. A study by Lee and colleagues suggested that
IL-10 inhibits the IL-6/STAT3 axis on MDSCs and weaken
tumour progression [62]. IL-10 is also considered to employ
stimulatory as well as inhibitory effects on T-lymphocytes. A
study by Fujii et al. [70] suggested that an administration of
IL-10 right after a booster vaccine heightened antitumour
immunity and improved vaccine efficacy. Their adoptive
transfer studies using spleen cells indicated that IL-10’s
ability to maintain the function of CTL could be improved
by lessening CD+ T-lymphocytes. This result pointed to the
opposing effects of IL-10 on CD4+ and CD8+ T-
lymphocytes leading to immune-suppression and immune-
manifestation, respectively. This dual part played by IL-10
suggests its role in coming up with improved and advanced
anti-cancer vaccines [70]. Many studies have indicated the
development of deficient signalling of IL-10 in patients with
lymphomas at a young age while some other studies revealed
the development of colon cancers in IL-10 mice knockout
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experiments [71, 72]. Such researches indicate the repercus-
sions of IL-10 deficiency to understand tumour-promoting
inflammation and IL-10’s crucial role in inflammation
control [64].

Another anti-inflammatory cytokine, IL-27, is known to
act as a tumour suppressor. This immune-enhancing two-
chain cytokine propels Th1 cell differentiation, CD4+T pro-
liferation, and IFN-γ production coherently with IL-12. It
possesses a pleiotropic effect comprising IL-27p28 and
EB13 subunits. IL-27 uses STAT1 and 3majorly. It comprises
IL-27Rα and gp130 chains. In NSCLC, it restrains the growth
while increasing apoptosis. In xenotransplant models, IL-27,
besides downregulating stemness-and-EMT-linked genes,
does force intratumour myeloid cells to pressure antitumour
effects [73]. The combination of IL-27 and Apricoxib, a
COX2 inhibitor, impedes EMT in NSCLC cells, working in
a STAT1-dependent manner. A novel research pointed to
IL-27 stifled NSCLC cell growth, relocation, and intrusion.
Yet another anti-inflammatory cytokine, IL-37, a member
of the IL-1 family, constitutes 5 splice variants—IL-37a to
IL-37e. The second type, IL-37b, is the most widely
researched isoform as it is expressed extensively in many
human organs and tumour cells [74]. It has been indicated
as an inhibitor of both the innate immune system and
inflammation. It is known to suppress proinflammatory fac-
tors like IL-1α/β, IL-6, and TNF-α. IL-6/STAT3 pathway
suppression, β-catenin suppression, pSmad3C/P21 tumour-
signalling suppression, and CD57+ NK recruitment are said
to be the underlying mechanisms for the action of IL-37 [75].

Tumour growth factor (TGF-β), another anti-
inflammatory cytokine aiding in angiogenesis and metastasis,
is secreted by M2 macrophages. It uses types I and II trans-
membrane serine/threonine kinase receptors to modulate
its biological functions. Tumour growth promoted by
Cyclooxygenase Prostaglandin E2 (COX-PGE2) and VEGF
mediators are produced by these macrophages. There is
another subgroup of macrophages, M1, that secrete IFN-γ,
an inflammation-promoting cytokine, reactive nitrogen,
and oxygen intermediates, inducible nitric oxide synthase
expression and MHCmolecules indicating a correlation with
NSCLC [52]. Its signalling pathway possesses pleiotropic
roles. Such roles modulate not just the immune response
but also cell growth, differentiation, apoptosis, motility,
and invasion. TGF-β aids in differentiation and immuno-
suppressive cells induction and subsequent inhibition of
T and anergic NK cells functions in TME. These immuno-
suppressive cells are also the main source of TGF-β. As
TGF-β remodels TME that promotes tumour progression
and metastasis, it could act as a potent therapeutic agent
to enhance antitumour immunity mediated by NK cells.
TGF-β utilises JAK/STAT3 signalling pathway to induce
EMT in lung cancers [76].

The dysregulation of another cytokine, IL-17, is con-
nected to many human diseases like inflammation and
cancer. It is a six-member cytokine family—IL-17A to
IL-17F—with diverse order homology and functions in
host immune responses. IL-17 receptors (IL-17R, IL-
17RA to IL-17RE) are bound by these cytokines, operating
as homo- or heterodimeric complexes. Th17 cells produce

IL-17A, a first member of the IL-17 family [63]. Its over-
production displays a significant association with not only
autoimmune and chronic inflammation disorders but also
cancer [77]. A signalling cascade, IL-17B/IL-17RB pathway
encourages not just cancer survival but also aids in its pro-
liferation and relocation. The IL-17B/IL-17RB pathway’s
protumour functions are different and intricate, owing to
the processes that perform unswervingly on tumours apart
from unintended mechanisms which force TME reshaping
[63]. IL-17B signalling is crucial in aiding tumour survival
and growth, many in vitro and in vivo assays identified. Every
study point to the hindrance of the IL-17B/IL-17RB axis
through downregulation of receptor expression in tumour
cells, utilising diffusing anti-IL-17RB antibodies, reestab-
lished in vitro and in vivo chemosensitivity [77]. Remarkably,
IL-17RB providing signal across ERK/GSK-3β/β-catenin
route is connected to lung cancer’s EMT [78].

Both mouse tumour models and human cancer patients
have shown protumour activity mediated by IL-17 and
Th17. Angiogenesis and cytokine activation in the tumour
microenvironment are the key pathways responsible for IL-
17 or Th17 cells’ protumour activity, resulting in tumour
growth promotion. In nude mice, IL-17 was found to pro-
mote tumorigenicity of human cervical tumours, which was
linked to increased levels of IL-6 and IL-8 and macrophage
recruitment at the tumour site. Furthermore, a study in a
mouse model of colon adenocarcinoma found that IL-17’s
antitumour activity was linked to its ability to induce tumour
angiogenesis by inducing a wide variety of angiogenic factors
from fibroblasts and tumour cells, including VEGF, PGE2,
keratinocyte-derived chemokine, and nitric oxide. In vivo,
IL-17 increased net angiogenic activity and the growth of
human nonsmall cell lung cancer by encouraging CXCR2-
dependent angiogenesis, according to the same research
community. In addition to its role in angiogenesis, IL-17
can trigger the development of IL-6, which triggers the onco-
genic signal Stat3, leading to an increase in the expression of
prosurvival and proangiogenic genes [58].

2.1. Key Findings Supporting the Role of Cytokines in NSCLC.
IL-6 is crucial for the growth of NSCLC, according to a recent
study in its progression. T-lymphocyte IG domain and
mucin domain 4 (TIM-4) played a key part, notwithstanding
the contribution in NSCLC migration promoted by IL-6 by
TIM-4. It was observed in NSCLC tissues that for the prog-
nosis of TIM-4 manifestation, IL-6 could be an autonomous
prospect. All these conclusively proved that TIM-4 engrossed
in IL-6 supported relocation, foray, and EMT of NSCLC [79].
In other words, TIM-4 is an essential molecule in IL-6 over-
expressed cancers and enhancing metastasis, therefore, pur-
suing it could turn out to be an effective pharmacological
goal in IL-6 excessively pronounced cancers. In short, the
studies without a doubt focused on the impending function
of TIM-4 in augmenting metastasis of NSCLC [80]. IL-6, a
part of numerous biological factors, is released along with
VEGF and Matrix Metalloproteinases (MMPs) by Toll-like
Receptors (TLRs) when tumour cells dodge immune surveil-
lance [81]. The notable difference between normal and lung
cancer tissues was that these factors were a part of the
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Differentially Expressed Genes (DEGs) [82]. Hence, a recent
study stressed on therapeutic modalities by targeting lung
tumour TLR signalling pathways [1]. A few other studies also
suggest targeting the TGF-β-IL-6 axis to arbitrate the resis-
tance mechanism of cancer cells for better molecular therapy
[83].

An important study by Lee et al. [62] confirmed another
prospective anticancer biomarker, that is, inhibition of IL-
6/STAT3 axis. They observed a spurge of IL-6 along with
high tumour progression in comparison to the wild-type
mice when injected with TC-1 (cervical cancer) cell line.
They even observed a high level of anti-IL-6R mAb and
MDSCs (they inhibit tumour progression) in IL-10-
deficient mice. They concluded with the result that indicated
an effective treatment target with a combination of anti-IL-
6R and STAT3 inhibitor as this was shown to reduce the
tumour progression further [62]. The serum level of IL-10
seemed to be a predictive marker in NSCLC at a later stage,
said De vita et al. [84] and Soria et al. [65], reported in
NSCLC patients, having a low level of IL-10 expression at
the early-stage, considered a shoddy projection. The findings
of a recent study signified the role of the IL-10/JAK1 signal
pathway as an effective target for NSCLC treatment. The
study pointed to the promotion of CSC-like properties of
NSCLC cells by TAM-based IL-10 [45]. IL-10 does this by
triggering the NF-κB/JAK1/STAT1//Notch1 signalling. The
effect of such pathways can be choked by constraining these
signalling molecules. The reported signalling molecules,
when expressed at high levels, are connected to poor patient
predictions [65]. In one study, the role of IL-27, another anti-
inflammatory tumour suppressor, was elucidated. The func-
tional relationship between IL-27 and miR-935 showed that
upregulation of the latter amounted to promoting the
survival ability of and metastasis of NSCLC cells by targeting
the expression of IL-27. The data in this study suggested that
by targeting IL-27 in NSCLC, mi-RNA-935 acted as an onco-
miRNA. Hence, miR-935 inhibition is a likely therapeutic
target [85]. Jiang et al., in their study, elucidated the role of
IL-37 being downregulated in NSCLC patients’ serum. They
also saw a negative correlation with TNM (tumour, node
metastasis) stage and said that IL-37 might be able to
suppress the invasion and metastasis of NSCLC. They also
suggested that IL-37 could partially inhibit the STAT3 activa-
tion by diminishing EMT expression through IL-6 inhibition.
Hence, they concluded that IL-37 might be a potent and
novel tumour suppressor in patients with NSCLC [86].

A recent study indicated that in in vivo models, IL-17B
conveyed directory through its IL-17RB and encouraged
cancer cell survival to proliferation to relocation to resisting
usual chemotherapeutic agents. This study also identified
the alteration of TME by IL-17B signalling and subsequent
tumour growth induction. Besides, this finding linked the
role of IL-17B with poor prognosis in lung cancer patients
among many other types, identifying clinical relevance [77].
Despite the potential role of the IL-17B/ILRB trial in lung
cancer, microarray dataset analysis in a study was linked to
IL-17B and IL-17RB gene expression indicating least patient
survival. Moreover, IHC analysis of IL-17RB is upregulated
in patients with lung ADC and is related to lymph node

and metastasis—reduced progression-free and complete
survival [56]. A study by Yang et al. [78] successfully
established that how IL-17RB-intervened initiation of the
ERK pathway in lung cancer cell lines was vital to sustain-
ing the expression of two important transcription factors
for EMT orientation Twist and Snail. Upon IL-17RB
knockdown in the lung cancer cell lines—A549 and CL1-
5, the expression of Twist and Snail declined. Stimulation
of the ERK/GSK-3β/β-catenin path after IL-17RB encour-
agement did promote the intrusion and relocation of human
lung cancer cell lines—H441 and CL1-0, in in vitro studies
[87]. Further, IL-17RB’s excessive expression in the H441 cell
line majorly increased the total lung metastatic nodules of
mice (xenografted). Hence, in lung cancer, the level of
expression of IL-17RB correlated significantly with distant
metastasis and lymph nodes [88]. A study to determine the
protumour effects of IL-17 or Th17 in human nonsmall cell
lung cancer (NSCLC) when subcutaneously injected into
SCID mice showed transfection of IL-17 increased NSCLC
growth in vivo (SCID mice) via promoting CXCR2-
dependent angiogenesis. Another study showed the antitu-
mour effect of IL-17 or Th-17 in human lung cancer when
human tumour antigen MAGE-A3-specific Th17 cells con-
verted into in vivo. IFN-g secreting cells as they differentiated
into effector T cells. In yet another study, the accumulation of
Th17 cells in human malignant pleural effusion predicted
improved patient survival [58]. From the Leucine-rich repeat
(LGI) family of proteins, LGI-3, a proinflammatory cytokine
is prevalent in lung and many other cancers. The role of
LGI-3 in NSCLC, according to a study, pointed to the dys-
regulation of LGI-3. Its consternation in the cell-cell com-
munication in the ME and cytokine network was even
more visible. In NSCLC, the deregulated expression of
LG13 also meant the rise of appearance in seven of the genes,
namely, NCF1, NCF2, CSF3, IL-6, CCL-3, PTGS2, and
CXCL-2. LGI-3 was no different when it came to increasing
M1-polarised macrophage markers, aiding in antitumour
processes in the NSCLC ME (Table 2) [89].

Soluble TNF-α receptors from the blood can be removed
to boost endogenous TNF-α activity, and this is done using a
single chain TNF-α-based affinity column developed by
Immunicon Inc. In the experimental cancer model, the
efficacy of the agents was improved by a low dose of TNF-α
pretreatment. This treatment preceded the use of cisplatin,
gemcitabine, and paclitaxel chemotherapeutics. Yet, a few
other studies proved penetration of TAMs along with TNF-
α (cytotoxic M1 phenotype) in islets of tumours benefited
in NSCLC and other malignancies [57]. In NSCLC phase II
trial, a TGF-β2 antisense DNA allogeneic tumour cell
vaccine has been elucidated. It showed promising clinical
gain [30, 90].

3. Role of Chemokines in Lung Cancer Therapy

They, area family of chemoattractant cytokines, play their
role in immune cell exodus and modify the immune
microenvironment. These small proteins bind to and acti-
vate G-protein Coupled Receptors (GPCRs) [91]. It has an
extended family of α-chemokine (CC), β-chemokine
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(CXC), γ-chemokine (C), and δ-chemokine (CX3C) [92].
Chemokines are a family of minuscule, secretory, and
fundamentally correlated cytokines playing a major part
in immunity and inflammation [89]. Meant to determine
the conformation of stroma of the tumour, these factors
were seen explicitly affecting the growth and metastasis
of cancer cells. Two families of chemokines—CC (CCL-2,
3, 5) and CXC (CXCL-1, 2, 5, 6, 8)—employ CCR-2 with
monocytes and CXCR-2+ with neutrophils, at the tumour
spot which distinguishes between TAMs and tumour-
associated neutrophils (TANs), wielding either pro- or
antitumour response [42, 93]. As stated above, some chemo-
kines can modify leukocyte initiation—CXCL-16’s action on
CXCR-6, inducing macrophage polarisation giving rise to a
protumoural role in solid tumour cells. CXCL-9 and
CXCL-10 are strappingly linked to the immune response of
Th1 via inducting CD4+ Th1, CD8+ Tc (Cytotoxic T) cells,
and NK cells for antitumoural responses. Besides, there are
DCs attracted by CCL-5, CCL-19, CCL-20, CCL-21, and
CXCL-12 chemokines which employ regulatory Tregs and
CCR-7+ DC.CCL-17 and CCL-22 working on CCR-4 are
capable of straightaway recruiting Th2 and Tregs for tumour
progression and spread [94–96].

Likewise, CC and CXC chemokines do have their roles to
play in tumour progression and metastasis. CXC chemokines
are classified into ELR- chemokines with angiostatic and ELR
+ chemokines with angiogenic results. At the N-terminal of
CXC chemokines with Glutamic-leucine-arginine (ELR)
theme is the determinant of this classification. A few CC che-

mokines like CCL-2, 11, 16, 18 along with CXCL-18 push
endothelial cell endurance and tumour angiogenesis [97].
CXCL-16 while dealing with CXCR-6 makes it an effective
angiogenic moderator. CCL-2 and CXCL-12 can aid in
angiogenesis and impede endothelial cells’ apoptosis through
straight receptor (CXCR-4 and CCR-2) binding on tumour
vessels or obliquely propping up drafting in leukocytes. In
contrast, chemokines like CCL-21and ELR− chemokines
(CXCL-4, 9, 10, 11) come in the way of angiogenesis and
endothelial cell growth. CAFs and penetrating leukocytes,
obligated to chemokine receptors, are directly involved in
cancer cell proliferation triggering PI3K/AKT/NF-κB and
MAPK/ERK pathways besides helping the survival of tumour
cells by hijacking programmed cell death mechanism, strik-
ing coherence between apoptotic (pro- and anti-) molecules
[52].

CXCLs/CXCR-2 axis is a vital chemotactic factor in
cancer, known for the conscription of immunosuppressive
myeloid cells from peripheral blood lesions or BM. Blockade
of this axis showed improved prognosis in various disease
models, including cancer [98]. Inhibition of CXCLs/CXCR-
2 axis was recognised as a potent treatment target to either
contain cancer cell growth and spread or improve ICB
efficiency, according to many preclinical experiments.
Hypoxia-induced CXCR-2 expression on tumour cells is
time-dependent, contributing to the survival of tumour cells
through NF-κB and HIF-1 signalling. In a study, knockdown
of CXCR-2 expression in cancer cells could improve the
efficiency of paclitaxel, reducing metastases in the lungs.

Table 2: This table depicts cytokines, their source of production, and functions.

Cytokine Source Functions References

IL-6
T-cells, macrophages,

adipocytes
Proinflammatory action, differentiation,

cytokine production
[5, 30, 80]

IL-8
Epithelial cells, macrophages,

endothelial cells
Proinflammatory action, angiogenesis, chemotaxis [5, 106]

IL-10 Monocytes, B-, and T-cells
Anti-inflammatory action, inhibition of

proinflammatory cytokines
[63]

IL-17 Th 17 cells
Proinflammatory action, cytokine and chemokine

production, antitumour immunity
[87]

IL-27
Antigen-presenting cells

(APCs)
Anti-inflammatory action, IL-10 production [85]

IL-35 Regulatory T-cells (Tregs)
Anti-inflammatory action induces proliferation of Tregs

and suppresses Th 17 cells
[60]

IL-37
NK cells, monocytes, epithelial

cells, B-cells
Anti-inflammatory action, antimicrobial,

antitumour immunity
[86]

TNF-α
Macrophages, CD4+

lymphocytes, adipocytes, NK
cells

Proinflammatory action, cell proliferation,
cytokine production, apoptosis

[26]

IFN-γ NK cells, T-cells Antiviral, proinflammatory action [131]

TGF-β T-cells, macrophages
Anti-inflammatory action, inhibition of
proinflammatory cytokine production

[26, 52]

Granulocyte-macrophage colony-
stimulating factor (GM-CSF)

T-cells, macrophages,
fibroblasts

Proinflammatory action, improve neutrophil and
monocyte function, macrophage activation

[30, 132]

Vascular endothelial growth factor
(VEGF)

Macrophages, endothelial cells,
platelets,

A growth factor that aids in vasculogenesis, angiogenesis,
chemotaxis, migration of endothelial cells

[26]
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However, an elevated level of CXCR-2 is linked to dimin-
ished expressions of E-cadherin and β-catenin in cancer tis-
sues, attributing to the part played by CXCR-2 in EMT [99].

Human Dachshund Homolog 1 (DACH1) was pro-
nounced as a relevant tool against NSCLC while searching
for lung tumour clampdown. It is a key constituent of the
Retinal Determination Gene Network (RDGN) [17]. DACH1
is known to be involved in cell propagation, progression, and
apoptotic mechanisms. DACH1 and mRNA protein expres-
sion levels are diminished in various tumour tissues as in
lung cancer when compared to their levels in normal tissues.
Genomic deletions and promoter region hypermethylation
are the causes of the decreased DACH1 level. Apparatus
investigation exposed that DACH1 contributed to not just
the EMT and negative regulation of cell cycle but also played
a major role in the reduction of CSC subpopulation. Many
cytokines/chemokines such as IL-6 and CXCL-5/8 are
secreted by the action of DACH1 [100].

CCL-2/MCP-1, belonging to the CC family of chemo-
kines, is a powerful monocyte/macrophage chemotactic and
one of the most studied chemokines relating to human
diseases with the possibility of treatment regimes. It is either
discharged in an organised way or through the introduction
of oxidative stress and decipherable (soluble) factors. CCL-
2 exerts its effect via paracrine or autocrine mode, binding
to CCR-2 receptor [94]. The manifestation of an assemblage
of IL-6 and IL-10 or CCR-2, CCL-2 connects to a shoddy
projection in patients with lung cancer. In different cancers,
crosstalk between TAMs and tumour cells play various
roles in their growth through the CCL-2/CCR-2 axis [95].
They include tumour growth, EMT, penetration, and
spread apart from monocyte/macrophage employment at
the site of the tumour. CCL-18, another chemokine belong-
ing to the family of secreted proteins, CC possesses inflam-
matory and immune-regulatory roles. In cancer, it is said to
aid in tumour progression by modulating the TME. It is
mainly secreted by monocytes, macrophages, and immature
DCs [99].

CX3CL-1, despite being the only identified member from
the CX3C chemokine family, it caught the imagination of
researchers as it possessed dual functionalities of chemoat-
tractant and binding molecule. Its role in propelling the relo-
cation of T-cells, NK cells, monocytes, andMCs to the spot of
action in a variety of clinical settings is vital.

CXCL-1, another chemokine, belonging to the CXC fam-
ily, is operated by several signal paths and TME. TNF and
VEGF are the major driving factors of CXCL-1 expression
acting through PI-3K/AKT, JNK, and p38 MAPK signalling
mechanisms in human lung carcinoma’s epithelial cells.
CXCL-1 uses the receptor CXCR-2 [5]. CXCL-1 interacts
with CXCR-2 enhances proliferation in malignant carcino-
mas and chemoresistance [17]. The interface between
tumour cells and neutrophils raised the manifestation of
CXCR-4,7; MMP12,13; TGF-β, IL-6, the metastasis-related
genes. With consistent results, circulating CXCL-1 in meta-
static patients was rather high compared to the patients in
the stage IA-IIB of NSCLC. On the other hand, hindering
CXCR-2 suppressed angiogenesis, tumour growth, and
metastasis and boosted chemotherapeutic response. CXCL-

1 added to the tumour-linked neutrophils infiltration in lung
cancer [17]. CD11b (+) Gr1(+) myeloid cells are pushed by
CXCL-1/2 into the tumour, leading to the production of che-
mokines like S100A8/9 which augment chemoresistance,
metastasis, and cancer cell survival. A new study, consistent
with their previous results, confirmed elevated CXCL-1 levels
in late-stage NSCLC patients than those of in IA-IIB stage
NSCLC. One other finding was that CXCL-1 protein was
found in higher amounts in ADC patients compared to
other types of lung cancer. This rules that CXCL-1 could
be used as a gauge to monitor cancer development. Specif-
ically, uncovering the circulating CXCL-1 is an appropriate
and satisfactory method [101]. CXCL-5, another chemo-
kine, belonging to the proangiogenic subgroup of CXC
family having an ELR motif comparable to that of IL-8,
is also known as Epithelial-derived Neutrophil-activating
Peptide-78 (ENA-78) [102, 103] and is found to play a
vital function in leukocyte placement and tumour growth
and metastasis. It functions by binding to its GPCR, CXCR-
2. It aggravates cancer progression by enabling RSK1/2/AK-
T/ERK with EGFR pathways and stimulating the HSP27
(Heat Shock Protein) phosphorylation [104]. Another CXC
chemokine, CXCL-13, secreted by follicular DCs and Th cells
is known to be responsible for the infiltration of B lympho-
cytes into the tumour, studies revealed. Research indicated
the significant increase in B-cell-influx in lung cancer tissue
in comparison to normal tissues. The correlation of
tumour-infiltrating plasma cells and follicular B-cells with
long-standing survival of lung cancer patients suggested the
defensive actions of plasma cells in antitumour immunity
antibodies [33].

Another important chemokine of the CXC family of
chemokines is IL-8/CXCL-8 and is majorly secreted by
macrophages and has a proinflammatory function. It exer-
cises its influence by obligating to the heterotrimeric
GPCRs—CXCR-1 and CXCR-2 [5]. Its receptors are artic-
ulated by a variety of cell types including monocytes, neu-
trophils, and ECs. Stromal and tumour cells in the TME
are also known to express CXCRs. IL-8, having the authority
for migration and instigation of all these cells, has its role cut
out in the progress of lung cancer [84]. IL-8 is predominantly
secreted by MCs, and high levels of MCs indicate a shoddy
overall survival in NSCLC patients [43]. Yet, it can be a pro-
spective biomarker to forecast tumour burden, apart from
treatment response and survival of patients suffering from
lung cancer [84]. In the lung TME, the countenance of IL-8
mRNA, persuaded by penetrating macrophages through the
NF-κB pathway, expressively compares with amplified angio-
genesis and average subsistence of lung cancer [99]. CXCL-8
uses autocrine and paracrine secretions to fire major onco-
genic signal in the TME (e.g., PI3K, RAS/Mitogen-activated
Protein Kinase (MAPK), and JAK/STAT). This necessitates
a precise probe into TAM-derived IL-8’s molecular role in
TAMs-tumour cell crosstalk. Blockade of IL-8-defusing anti-
bodies (HuMax-IL-8 and ABX-IL-8) and its allied reactions
along with small-molecule inhibitor of CX3CR-1/CX3CR-2
(Reparixin) will also aid in the investigation [105]. Tumour
cell-TAM induced unwanted signals relay on factors like che-
mokines, cytokines, and others have an important part to
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play. In intratumoural NK cells, expressions of granzyme B
and IFN-γ are restricted by a discharge of soluble factors by
NSCLC cells which have been proved by studies. NK cells
which infiltrate tumour have shown proangiogenic activities,
producing VEGF and IL-8/CXCL-8 [84]. If the elevated
occurrence of Tregs and lesser rate of NK cells were found
in the malignant cases, the condition was vice-versa in non-
malignant areas, indicating robust cytolytic movement
ex vivo. These specifics—adaptive and innate immunity—-
formulated NK cells, a striking object for therapeutic devel-
opment [102] (Table 3).

3.1. Key Findings Supporting the Role of Chemokines in
NSCLC. One study stressed the involvement of CCL-
2/CCR-2 signalling in tumour progression and metastasis
in lung cancer patients [104]. This topical study based its
results not only on human lung cancer biopsies but also on
coculture models and in vitro TAM-tumour cells. On the
contrary, the intrusion of TAMs was heightened by NFκB1-
CCL-2 in the neddylation pathway in in vivo metastasis.
The CCL-2 barrier lessened the progression by remodelling
TAMs to M1-like phenotype and triggering CD8+ T cells.
This was observed in an orthotopic and flank lung tumour
model [104]. It has become a worthy immunotherapeutic
ploy for use in many human illnesses. Hence, treatment reg-
imens in TAMs to block CCL-2, CCR-2, and CCL-2/CCR-2
facilities are broadly studied. A new study by Bakouny et al.
showed that tumour-derived microvesicles (TMVs) drawn
from NSCLC cells were engulfed into MCs. It triggered the
discharge of TNF-α and monocyte chemoattractant protein
1 (MCP-1)/CCL-2. Besides, it improved their activity of che-
motactic/chemokinetic. Data also showed an upsurge of
migratory cells. This occurred when the activated cells were
pushed towards NSCLC-TMV, pointing to the chemotactic
and chemokinetic functions of NSCLC-TMV [106].

MCs regulate anti- or protumorigenic roles by infiltrating
many cancer cells. A recent study indicated that NSCLC cells
drew its strength from MCs, releasing C-C family CCL-5
which mounted the CCR3 receptor on the MC surface [107].
While promoting tumour EMT and metastasis, unceasing
inflammatory responses can also influence restrained cancer
growth, involving CCL-5 in human NSCLC samples, said
the study. It also pointed out that CCL-5 negotiated TGF-β
appearance, connected with lung ADC forays [98]. Cancer-
linked bone obliteration in NSCLC, the upstream receptor of
CCL-5, Runt-related Transcription Factor-3 (RUNX3), was
rather helpful when expressed a little. A few other studies
proved that human NSCLC, exhibiting an MC infiltration,
can have two extremes—worth complete disease-free and
overall survival. The study concluded that a high concentra-
tion ofMCs is positively linked to bad prognosis [43]. NK cells
promoted immune control of tumours by upping the intensity
of the orthodox type-1 dendritic cells (cDC1s) in tumours via
two cytokines’—FLT3LG and CCL-5—production, as per
recent studies [34].

In NSCLC tissues, another new study suggested the sig-
nificant elevation of CCL-18 expression in comparison to
nearby normal lung tissues. Another study by Plönes et al.
[108] emphasised the elevated CCL-18 serum level in NSCLC

patients. It also forewarned a decreased survival time in
ADCs. Yet another study by Huang et al. [109] supported
these observations in NSCLC patients when they saw an
elevated CCL-18 serum level. The researchers concluded a
positive correlation of increased CCL-18 level with the
expression of Carcinoembryonic Antigen (CEA) and Cyto-
keratin 19 Fragment (CYFRA21-1). These are two of the lung
cancer biomarkers. They pointed to a negative correlation to
their survival time, as well, considering serum CCL-18 as a
biomarker for the prognosis and diagnosis in patients with
NSCLC [109].

Liu et al. [17] established in lung ADC patients that ele-
vated CX3CL-1 mRNA visage was an optimistic prognostic
pointer. Su et al. [17] concurred with the previous study
confirming the presence of CXC3CL1 level in lung ADC
but not in SCC. Similarly, in lung cancer, the CX3CL-1
expression was heightened. It also showed complicated clin-
ical results with lymph nodes metastasised. The intrusiveness
of human endometrial stromal cells (ESCs) is increased by
CX3CL-1-induced M2 macrophage polarisation [17]. This
is conducted by the upregulation of MMP9 and Tissue Inhib-
itor of Metalloproteinases- (TIMP-) 1, -2. Also, P38MAPK
and integrinβ1 signalling play similar roles. TAM-tumour
cell crosstalk, particularly in ex vivo, in vitro, and in vivo rep-
licas, was critical to the extent that it caused an explosion in
lung tumour metastasis. This pointed to the urgent therapeu-
tic intervention. Mutations transferrals like Epidermal
Growth Factor Receptor (EGFR) and Anaplastic Lymphoma
Kinase (ALK) are characteristically linked to poor patient
prognosis and tumorigenesis [100].

Through interaction with CX3CR-1, CX3CL-1 intervenes
its cellular effects. CX3CL-1 was prominent in lung cancer
because of its increased presence along with SCM-1β as
opposed to normal tissues, said a study by Zhou et al. [101,
110]. In lung ADC, expression of CX3CL-1 mRNA was evoc-
ative of an enhanced prediction, revealed another research. It
directed majorly to the diminished levels of CX3CL-1 and
CX3CR1 mRNA in normal tissues when compared with
patients affected by LUAD [17]. CX3CL-1 is said to bind
CX3CR1+ tumour cells, aimed at organs, trigger movement
of cancer cells. An improved prediction became possible
when CX3CL-1 expressed excessively in LUAD, leading to
chemotactic efficiency and increased immune effector-cell
penetration. More future research on LAUD patients may
lead to prognostic worth of CX3CL-1 [111, 112].

A latest research showed a significant link of CXCL-1 in
recurrent patients of NSCLC after undergoing surgery.
CXCL-1 is known to induce Treg cells’ chemotaxis into the
malignant pleural effusion, allowing the tumours to escape
the immune response. Many studies contributed to the fact
that abnormal regulation between Th1 and Th17 is key in
NSCLC. This is particularly evident in the irregular IL-17
expression contributing to shoddy prognosis. Moreover, in
NSCLC patients, the frequency of Th17 cells was interrelated
positively to IL-6, IL-1β, and IL-23. Also, the frequency of
Treg cells frequency was also positively interrelated to TGF-
β1 and IL-10 [17]. It was initially reported by Arenberg
et al. [104] that elevated CXCL-5 level in NSCLC patients
was associated with vascular density. According to one study,
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in NSCLC, upregulated CXCL-5 was linked to lymph node
metastasis, increased expression of CXCR-2, very poor differ-
entiation, and an advanced pathological stage. Additionally,
it also indicated worse overall survival of patients where
CXCL-5 was highly expressed [103]. Another study also
supported with evidence indicating CXCL-5 expression was
connected to cancer staging. In NSCLC models, CXCL-5
depletion was seen to inhibit tumour angiogenesis. It was also
seen to attenuate tumour progression and metastasis [102].

Low-level of serum CXCL-8 is considered as a pointer of
chemotherapy response for better estimates in different can-
cer types, including NSCLC stages II/IV. Its presence is also
linked to tumour chemoresistance. CXCL-8 was seen to be
stimulated by proinflammatory cytokines like IL-1 and
TNF-α, barely detectable in healthy tissues [84]. Stimulated
CXCL-8 can straightaway decrease the apoptosis of ECs
while enhancing the proliferation of ECs. In the TME, the
production of MMPs modulates angiogenesis to tear down
the ECM resulting in the formation of blood vessels [102].
A few studies support the role of DACH1 as an antagonist
of CXCL-8 in lung ADC. It suppresses tumorigenesis facili-
tated by CXCL-8. DACH1, in this case, aids in better progno-
sis [113]. IL-8 is known to reduce phosphorylation of β-
Catenin degradation by inducing Wnt in tumour cells. This
is known to trigger EMT leading to the relocation of tumour
cells. In one study, the knockdown of β-Catenin led to a
hampered Zinc Finger E-box-binding Homeobox-1 (ZEB1,
EMT transcription factor) accumulation along with NSCLC
cells relocation [102]. Cromoglycate, an MC inhibitor, might
be a novice target to obstruct NSCLC cell migration. Another
report pointed to the elevated production of IL-8 levels was
stimulated by TAMs in NSCLC. It also suggested that IL-8
triggered angiogenesis in NSCLC cells. The impediment of
this trail could be focused upon for therapeutic modalities
in advanced NSCLC [43]. Even though a few in vitro studies
stressed over the autocrine activity of IL-8, stimulating
tumour progression, other studies pointed to the paracrine
function of the tumour-derived IL-8 [105]. The latter was
seen modifying the conformation of immune infiltrates in
TME while inducing angiogenesis and tumour progression.
Yet another study indicated the vital role of IL-8 in CSCs
development [114].

4. Cytokines/Chemokines Exploit EVs for
their Release

Extracellular vesicles (EVs) are membrane-enclosed sacs
that are released from cells and contain biologically active
cargo as well as cell type- and disease-specific molecular
details. Furthermore, by manipulating cells in the local
microenvironment, EVs have been shown to perpetuate
disease pathogenesis and progression. There is a lot of
interest in developing EV-based diagnostic and therapeutic
platforms for cancer and other diseases because of their
specific properties. However, before EVs can be fully uti-
lised in medicine, a better understanding of the mecha-
nisms that drive EV biogenesis is needed. We will review
existing knowledge of EV biogenesis in cancer, address
recent developments in the area, and provide evidence
for the use of human tumour viruses in the study of EV
biogenesis and trafficking [115, 116].

Cytokines and chemokines tend to use extracellular
vesicles (EVs) as the medium to regulate cancer progres-
sion, besides trafficking. EVs, with its capacity to be a
potent carrier for intercellular communication with ME,
can strengthen pathophysiological functions of parental
and recipient cells. Besides, they also manage to shoulder
the responsibility of biological macromolecules like nucleic
acids, lipids, and proteins [117]. EVs have a peculiarity
about choosing a different path altogether for cytokine dis-
charge than the standard ER/Golgi routes said to have been
suggested [118]. EVs derive their advantage from several
types of cells, which include highly aggressive cancer cells
and embryonic stem (ES). That is why, in pathophysiological
practices, EVs are considered major players as they aid in the
growth and spread of cancer. Also, the unique nature of can-
cer cells, which discharge maximum microvesicles (MVs),
than what their counterparts normally do, is linked to height-
ened invasiveness and their growth. Cancer cell growth and
proliferation are dependent on modifications in the genetic
material, and MVs can play a crucial role, particularly in
oncogenes’ spread intercellularly [27, 100].

EVs, being the constituent of an extended family consist-
ing of membrane-bound vesicles, correspond to the third sys-
tem of the intracellular contact system. They are in

Table 3: This table provides a brief of the major chemokines and their roles.

Chemokine Functions References

CCL-2 Recruits’ monocytes, macrophages; aids in tumour progression, angiogenesis, metastasis [48]

CCL-5 Recruits’ neutrophils, Tregs; aids survival of tumour cells by angiogenesis stimulation [43]

CCL-18
Produced by monocytes, macrophages and immature DCs; proinflammatory, immune regulation;

aids in tumour progression by mediating TME
[43]

CXCR-4 Promotes antitumoural T-cell responses [122]

CX3CL-1
Helps in M2 macrophage polarisation; relocates monocytes, mast cells, T-cells, and NK cells

to the site of inflammation
[17]

CXCL-1 Recruits’ neutrophils, Tregs; aids survival and proliferation of tumour cells [133, 134]

CXCL-5 Leukocyte placement; aids tumour growth, angiogenesis, and metastasis [103]

CXCL-8 Produced by macrophages; proinflammatory, recruits’ neutrophils; aids survival and proliferation of tumour cells [103]

CXCL-13 Produced by follicular DCs and Th cells; infiltrates B-cells into tumour cells [135]
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conjunction with cell-cell interactions and cytokines (soluble
factors) mediated communication (Figure 2). The influence
that cytokines wield over EV biogenesis and cargo has forced
researchers into assuming various theories for loading
cytokines into EVs. The crux of the hypothesis is that its
entrapment might be to protect the cells from an auto-
crine outcome and, at the same time, discard the excessive
products. Another possible explanation is that it shields
the cytokines from environmental ruin [111]. EVs, in the
company of cytokines, reach their final destination—the
distant target cells and their absorption by cells that other-
wise may not be possible when cytokines are present in solu-
tion. To understand the entire gamut of EV-linked cytokines
a meticulous study is paramount. EVs have come to occupy a
large canvas of pleiotropic functions, be it pathological or
physiological conditions. Hence, the production of antigen
presentation, sperm maturation, neuronal communication,
and protection, besides acute and chronic inflammatory
and autoimmune diseases or cancer, needs to be properly
regulated [112]. More so, the moment for a new, not invasive
therapeutic and diagnostic applications, has arrived because
EV membrane composition, and its cargo is capable of

reflecting the physiological conditions of its cells’ origin
which consequently inform about whether the cell is normal
or damaged (tumour) [91, 100, 119].

Induction of myeloid-derived suppressor cells instigates
tumour growth. They do so by stalling the action of lympho-
cyte against IL-2 while favouring T cells. EVs originating
from tumour consisting of TGF-β are involved in this
process [105]. One study, during proteomic analysis, found
exosome having proteins like VEGF, MCP-1, IL-4, and
EGF—they aid tumour cells survival, growth, and transit—-
those exosomes with TGF-β stimulated division of fibro-
blasts into myofibroblasts, supporting tumour proliferation,
vascularisation, and metastasis. The latter happened only
when adequate TGF-β expression occurred on the surface
of exosomes. Along with this, the exosomal surface witnessed
the expression of the transmembrane proteoglycan β-glycan
(Figure 3) [91, 120].

Ectosomes or microparticles, known for the biogenesis of
MVs and chemokines MVs, are rather large than exosomes
in size and, in different pathophysiological conditions, vari-
ous types of MVs can appear [114]. “Large oncosome” which
is cancer-derived EV population is outsized than other EV

Pericytes

Lymphocytes

Monocytes

Tumour cells

Exosome
Microvesicle (MV)

Large oncosome

Apoptotic bleb

Macrophages

Dendritic cells (DCs)

Cancer associated
fibroblasts (CAFs)

Eosinophils

Endothelial cells (ECs)

Figure 2: Tumour cells use EVs as the medium to converse with TME constituents. MVs, exosomes, and apoptotic bodies, which are the
subgroups of EVs, have their roots, size, and structure, all based on biogenesis. MVs, referred to as vesicles (150-1000 nm), sprout straight
from the plasma membrane. The term of exosome indicates to lesser vesicles (30-150 nm). Exosomes are responsible for the generation of
intraluminal (ILVs) which, with inward invagination of endosome membranes, help growth of multivesicular bodies (MVBs). As for
apoptotic bodies, they are known to be discharged during plasma membrane blebbing, particularly during programmed cell death [91].
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types known previously, according to a recent study. An
aggressive amoeboid phenotype was noticeable in the bio-
genesis of huge oncosomes (Figure 2) [91, 100].

Some evidence proved TMVs prompt chemotaxis of leu-
kocytes. NSCLC along with other adenocarcinomas (colorec-
tal and pancreatic) in vitro cell lines discharge vesicles.
Compared to nontriggered cells, TNF-α and CCL11 provoke
MVs [121]. TMVs are capable of transferring some of the
proteins and mRNA of tumour cells to monocytes, besides
activating the latter. They can also change the biological
functioning and immunologic phenotype of the recipients
by inducing transfer of CD44v7/8 and CCR6 to monocytes
through activation of serine/threonine kinase (AKT) [86].
Antiapoptotic effect on monocytes can be caused by TMVs
that also stimulate Monocyte Chemoattractant Protein-1
(CCL-2), lens fibre-1β Major Intrinsic Protein (MIP-1β)
(CCL4), IL-8 (CXCL-8), and Macrophage Inflammatory
Protein-1α (CCL3) expressions. When activated, they can
control secreted CCL-5 chemokines, normal T-cells
expressed, and monocyte mRNA accumulation [122].

Killing of cancer cells and reverting drug resistance was
the result of a study by Ma et al. According to it, drug-
resistant tumour reproducing cells obtained from lung
cancer-affected patients preferred cisplatin carrying MVs
[41]. Cancer immunotherapy relies on the inherent immune
response against the tumour [123]. The MVs, with their abil-
ity to express biological information and bioactive molecules,
are gaining currency because immunotherapy involves
supplying immunogens that are cancer-specific and kick-off
cancer immunity mediated by T-cell. Conflicting interpreta-
tions on the prolificacy of TMVs is palpable because of the
immune system, TMEs, and the complex cross-talk among
cancer cells [91, 124].

MVs studies have, over a decade now, generated enthusi-
asm among researchers because of their contribution towards
the pathogenesis of different kinds of cancers. The use of
TMVs in vivo animal models or in vitro cell lines as diagnos-
tic or predictive biomarkers has highlighted the significance
of MVs as they are supposedly the means that surround can-
cer growth [125]. On the other hand, TMV involvement in
chemoresistance and immune modulation of cancer cells
cannot be ignored. All these prompt targeted remedial or
applied TMV-based intercessions to broaden the benefits of

immunotherapy or chemotherapy [27]. A genuine in vivo
physiological job would entail designing animal models that
can absorb or discharge chemokine comprising MVs to
constantly monitor and intervene. The refreshing process of
MVs, thanks to them being intercellular communication
module, may well be viewed with greater anticipation in
cancer biology (Figure 3) [27, 124].

5. Concluding Remarks

The one-size-fits-all in cancer therapy is a myth. The physi-
cians broke it in the era of personalised medicine, guided
by tools like genomic analysis and distinct molecular testing
to ascertain fitting therapies. Even with advancements in
precision surgery, chemotherapy, and radiotherapy, much
progress with prognosis in the metastatic stage of solid
tumours is not in sight. TME, owing to its heterogeneous
composition, genetic/epigenetic mutations, tissue-specific
responses, and variations in the genetic backgrounds of hosts,
is the real culprit. Under the circumstances, the mainstay in
most solid cancers, including lung surgical, remains surgical
resection. Yet, postoperative complications, in many cases,
have led to acute inflammation, attracting immune and
mesenchymal cells to the resected location for wound heal-
ing. This is followed by a long haul of immune suppression,
locally and systemically, increased progression andmigration
of residual cancer cells (CTCs), steering metastasis, known as
a surgical-stress response. In the TME of NSCLC, the non-
cancerous cells (fibroblasts, macrophages, ECs, MSCs, and
immune cells) are engaged by CTCs to aid tumour progres-
sion and metastasis. A huge number of cytokines, angiogenic,
and growth factors and MMPs are produced by these cell
types. Studies suggest that the malignant cells could affect
the metabolism of stromal cells to turn them proliferative.

Tumour cells disrupt the cytokine/chemokine system,
making them big players in regulating the TME. These small
proteins, along with their receptors, activate and modulate
certain signalling pathways, accelerating tumour growth.
MVs, another key regulator of the TME, add to cancer path-
ogenesis. TMVs have shown to support the immunomodula-
tion of cancer cells and chemoresistance. Immunotherapy
targeting these immune checkpoints can provide a rationale
to design newer drugs. Although substantial research has

Tumour cells

Cytokines
Growth factors acting
on tumour cells

Aid inflammation,
angiogenesis and
migration leading to
metastasis of cancer
cells

Aid tumour cell survival
by recruiting stromal
and immune cells to the
TME leading to
migration and
subsequent metastasis

Chemokines Exosomes
• Growth factors acting

on tumour cells
•

•
Produce pro-
inflammatory cytokines
and other signalling
molecules aid in the
survival and migration
of tumour cells

EVs that provide
information to recipient
cells

•

••

Figure 3: Tumour cells secrete cytokines, chemokines, and exosomes to mediate their progression, survival, and metastasis [91].
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been conducted, involving certain cytokines/chemokines as
prognostic biomarkers, a lot is left to be desired. Success in
identifying targets in immune cells and angiogenesis has bol-
stered fervour in better understanding of TME’s pathophys-
iological roles. For example, PD-L1, a successful prognostic
biomarker for NSCLC therapy, does not qualify as a therapy
for all patients. Therefore, it is imperative to identify addi-
tional biomarkers to increase the patient base. It is a fact that
this strategy entails a huge cost and time. But using integrated
system biology and computational modelling for better
understanding of their crosstalk is a way out to recognise
new therapeutics. Last, but not the least, an improved com-
prehension of cytokine/chemokine roles, their receptors
and the signalling pathways active in metastasis would fund
the existing therapy. It may also lead to better results when
rational combinations with chemotherapy are undertaken.
The emerging field of immunooncology, with sustained clin-
ical and translational research, would provide information
on these critical modulators and how they can be exploited
for improved results.

6. Future Directions

Cytokines have proved to be successful in cancer treatment,
but the impact of certain promising targets on different
immune cell populations is still unknown. The collection
and functions of surface receptors are reasonably well known
for well-studied populations, such as T-cells, and researchers
use roughly the same sets of CD markers to classify popula-
tions using flow cytometry. However, the less studied the
immune cell population is, the more complex the sets of
determined receptors are, and the more difficult it is to com-
pare the findings to find persistent trends. The analysis of
changes in the role and expression of surface markers of each
individual immune system cell population after immuno-
therapy would simplify and unify the evaluation of therapy
effectiveness, as well as allow for the prediction of immuno-
therapy effectiveness using surface markers of cancer
patients’ immune cells.

Despite the fact that the focus of this review is on a thor-
ough overview of the prospects for cytokine-based cancer
treatment, a review of the functions and surface markers of
immune system cells in cancer and after cytokine-based
immunotherapy is essential. The pleiotropic effect of cyto-
kines as immune response regulators is one of their most
notable characteristics. Each cytokine affects a variety of
immune cell populations, allowing them to promote both
antitumour and protumour responses. As a result, the devel-
opment of combined schemes aimed at enhancing the antitu-
mour response while suppressing immune cells that promote
tumour growth would be critical for the future of cytokine-
based cancer therapy. The short half-life and systemic toxic-
ity (proinflammatory and autoimmune reactions) of high
doses of cytokines, which are needed to induce a meaningful
response in cancer patients, are also significant issues. To
address the limitations of various cytokine therapies, new
methods that enhance cytokine targeting and alter their
pharmacokinetics (such as cell-based or other vector delivery
and chemically modified recombinant proteins) may be use-

ful. According to current trends in cancer immunotherapy,
cytokines can play the most important role in treatment
when used in conjunction with other drugs including
immune checkpoint inhibitors, oncolytic viruses, or as a
component of DC- and tumour cell-based vaccines.

Data Availability

The data can be obtained from the corresponding author on
request.

Conflicts of Interest

The authors declare no conflict of interests.

Authors’ Contributions

Sowmya Ramachandran, Amit K. Verma, and Kapil Dev
contributed equally to this work.

Acknowledgments

We would like to thank the Indian Council of Medical
Research (ICMR-NCD) New Delhi for providing funding
(Proposal ID 2020-6720) and Jamia Millia Islamia, New
Delhi, for providing access to all the journals.

References

[1] T. Koizumi, V. Shetty, and M. Yamaguchi, “Salivary cytokine
panel indicative of non-small cell lung cancer,” The Journal of
International Medical Research, vol. 46, no. 9, pp. 3570–3582,
2018.

[2] N. K. Altorki, G. J. Markowitz, D. Gao et al., “The lung micro-
environment: an important regulator of tumour growth and
metastasis,” Nature Reviews Cancer, vol. 19, no. 1, pp. 9–31,
2019.

[3] R. L. Siegel, K. D. Miller, and A. Jemal, “Cancer statistics,
2019,” CA: a Cancer Journal for Clinicians, vol. 69, no. 1,
pp. 7–34, 2019.

[4] D. E. Midthun, “Early detection of lung cancer,” Research,
vol. 5, pp. 3–12, 2016.

[5] P. Sarode, M. B. Schaefer, F. Grimminger, W. Seeger, and
R. Savai, “Macrophage and tumor cell cross-talk is funda-
mental for lung tumor progression: we need to talk,” Fron-
tiers in Oncology, vol. 10, pp. 1–11, 2020.

[6] W. D. Travis, “Advances in neuroendocrine lung tumors,”
Annals of Oncology, vol. 21, pp. vii65–vii71, 2010.

[7] A. Srivastava, N. Amreddy, M. Razaq et al., “Exosomes as
theranostics for lung cancer,” Advances in Cancer Research,
vol. 139, pp. 1–33, 2018.

[8] P. Misra and S. Singh, “Role of cytokines in combinatorial
immunotherapeutics of non-small cell lung cancer through
systems perspective,” Cancer Medicine, vol. 8, no. 5,
pp. 1976–1995, 2019.

[9] E. Tartour and L. Zitvogel, “Lung cancer: potential targets for
immunotherapy,” The Lancet Respiratory Medicine, vol. 1,
no. 7, pp. 551–563, 2013.

[10] S. Couraud, G. Zalcman, B. Milleron, F. Morin, and P. J. Sou-
quet, “Lung cancer in never smokers - a review,” European
Journal of Cancer, vol. 48, no. 9, pp. 1299–1311, 2012.

16 Oxidative Medicine and Cellular Longevity



[11] E. Thunnissen, M. Noguchi, S. Aisner et al., “Reproducibil-
ity of histopathological diagnosis in poorly differentiated
NSCLC: an international multiobserver study,” Journal of
Thoracic Oncology, vol. 9, no. 9, pp. 1354–1362, 2014.

[12] S. A. Kenfield, E. K. Wei, B. A. Rosner, R. J. Glynn, M. J.
Stampfer, and G. A. Colditz, “Burden of smoking on cause-
specific mortality: application to the Nurses’ Health Study,”
Tobacco Control, vol. 19, no. 3, pp. 248–254, 2010.

[13] J. Jackute, M. Zemaitis, D. Pranys et al., “Distribution of M1
and M2 macrophages in tumor islets and stroma in relation
to prognosis of non-small cell lung cancer,” BMC Immunol-
ogy, vol. 19, pp. 1–13, 2018.

[14] F. C. Detterbeck, A. G. Nicholson, W. A. Franklin et al.,
“The IASLC lung cancer staging project: summary of pro-
posals for revisions of the classification of lung cancers
with multiple pulmonary sites of involvement in the
forthcoming eighth edition of the TNM classification,”
Journal of Thoracic Oncology, vol. 11, no. 5, pp. 639–650,
2016.

[15] F. Qian, W. Yang, Q. Chen, X. Zhang, and B. Han, “Screening
for early stage lung cancer and its correlation with lung nod-
ule detection,” Journal of Thoracic Disease, vol. 10, no. S7,
pp. S846–S859, 2018.

[16] J. Guo, X. Wang, Y. Wang, L. Wang, and S. Hua, “A promis-
ing role of interferon regulatory factor 5 as an early warning
biomarker for the development of human non-small cell lung
cancer,” Lung Cancer, vol. 135, pp. 47–55, 2019.

[17] J. Liu, Y. Li, X. Zhu et al., “Increased CX3CL1 mRNA expres-
sion level is a positive prognostic factor in patients with lung
adenocarcinoma,” Oncology Letters, vol. 17, no. 6, pp. 4877–
4890, 2019.

[18] H. Fan, J. Li, J. Wang, and Z. Hu, “Long non-coding
RNAs (lncRNAs) tumor-suppressive role of lncRNA on
chromosome 8p12 (TSLNC8) inhibits tumor metastasis
and promotes apoptosis by regulating interleukin 6 (IL-
6)/signal transducer and activator of transcription 3
(STAT3)/hypoxia-inducible factor 1-alpha (HIF-1α) signal-
ing pathway in non-small cell lung cancer,” Medical Science
Monitor, vol. 25, pp. 7624–7633, 2019.

[19] J. Belderbos and J. J. Sonke, “State-of-the-art lung cancer
radiation therapy,” Expert Review of Anticancer Therapy,
vol. 9, no. 10, pp. 1353–1363, 2009.

[20] A. Lackey and J. Donington, “Surgical management of lung
cancer,” Seminars in Interventional Radiology, vol. 30, no. 2,
pp. 133–140, 2013.

[21] S. G. Sunil, R. Raviraj, D. Nagarajan, and W. Zhao, “Radi-
ation-induced lung injury: impact on macrophage dysregu-
lation and lipid alteration–a review,” Immunopharmacology
and Immunotoxicology, vol. 41, pp. 370–379, 2019.

[22] J. Oyanagi, Y. Koh, K. Sato et al., “Predictive value of serum
protein levels in patients with advanced non-small cell lung
cancer treated with nivolumab,” Lung Cancer, vol. 132,
pp. 107–113, 2019.

[23] C. M. Liu, C. L. Hsieh, C. N. Shen, C. C. Lin, K. Shigemura,
and S. Y. Sung, “Exosomes from the tumor microenviron-
ment as reciprocal regulators that enhance prostate cancer
progression,” International Journal of Urology, vol. 23,
no. 9, pp. 734–744, 2016.

[24] M. Wang, J. Zhao, L. Zhang et al., “Role of tumor microenvi-
ronment in tumorigenesis,” Journal of Cancer, vol. 8, no. 5,
pp. 761–773, 2017.

[25] A. Patidar, S. Selvaraj, A. Sarode, P. Chauhan,
D. Chattopadhyay, and B. Saha, “DAMP-TLR-cytokine axis
dictates the fate of tumor,” Cytokine, vol. 104, pp. 114–123,
2018.

[26] T. Sever, A. Leblebici, A. Koc et al., “New insight of tumor
microenvironment in non-small cell lung cancer,” Journal
of Basic and Clinical Health Sciences, vol. 3, no. 2, pp. 113–
120, 2019.

[27] X. Bian, Y.-T. Xiao, T. Wu et al., “Microvesicles and chemo-
kines in tumor microenvironment: mediators of intercellular
communications in tumor progression,” Molecular Cancer,
vol. 18, pp. 1–13, 2019.

[28] B. Cacho-Díaz, D. R. García-Botello, T. Wegman-Ostrosky,
G. Reyes-Soto, E. Ortiz-Sánchez, and L. A. Herrera-Mon-
talvo, “Tumor microenvironment differences between pri-
mary tumor and brain metastases,” Journal of Translational
Medicine, vol. 18, no. 1, p. 1, 2020.

[29] Z. Liao, Z. W. Tan, P. Zhu, and N. S. Tan, “Cancer-associated
fibroblasts in tumor microenvironment - accomplices in
tumor malignancy,” Cellular Immunology, vol. 343, article
103729, 2019.

[30] G. M. Konjević, A. M. Vuletić, K. M. Mirjačić Martinović,
A. K. Larsen, and V. B. Jurišić, “The role of cytokines in the
regulation of NK cells in the tumor environment,” Cytokine,
vol. 117, pp. 30–40, 2019.

[31] S. Vlahopoulos, M. Adamaki, N. Khoury, V. Zoumpourlis,
and I. Boldogh, “Roles of DNA repair enzyme OGG1 in
innate immunity and its significance for lung cancer,” Phar-
macology & Therapeutics, vol. 194, pp. 59–72, 2019.

[32] I. Catacchio, A. Scattone, N. Silvestris, and A. Mangia,
“Immune prophets of lung cancer: the prognostic and pre-
dictive landscape of cellular and molecular immune
markers,” Translational Oncology, vol. 11, no. 3, pp. 825–
835, 2018.

[33] S. Wang, W. Liu, D. Ly, H. Xu, L. Qu, and L. Zhang, “Tumor-
infiltrating B cells: their role and application in anti-tumor
immunity in lung cancer,” Cellular &Molecular Immunology,
vol. 16, no. 1, pp. 6–18, 2019.

[34] L. Schmidt, B. Eskiocak, R. Kohn et al., “Enhanced adaptive
immune responses in lung adenocarcinoma through natural
killer cell stimulation,” Proceedings of the National Academy
of Sciences, vol. 116, no. 35, pp. 17460–17469, 2019.

[35] Y. Xu, Q. Zhang, and Y. Zhao, “The functional diversity of
neutrophils and clustered polarization of immunity,” Cellular
& Molecular Immunology, vol. 17, no. 11, pp. 1212–1214,
2020.

[36] P. Pathria, T. L. Louis, and J. A. Varner, “Targeting tumor-
associated macrophages in cancer,” Trends in Immunology,
vol. 40, no. 4, pp. 310–327, 2019.

[37] M. A. Cassatella, N. K. Östberg, N. Tamassia, and
O. Soehnlein, “Biological roles of neutrophil-derived granule
proteins and cytokines,” Trends in Immunology, vol. 40, no. 7,
pp. 648–664, 2019.

[38] S. D. Alipoor, E. Mortaz, M. Varahram et al., “The potential
biomarkers and immunological effects of tumor-derived exo-
somes in lung cancer,” Frontiers in Immunology, vol. 9, pp. 1–
11, 2018.

[39] A. Ahmad and S. M. Gadgeel, “Lung cancer and personalized
medicine: novel therapies and clinical management,” in
Advances in experimental medicine and biology, Springer,
Cham, 2016.

17Oxidative Medicine and Cellular Longevity



[40] W. T. Huang, I. W. Chong, H. L. Chen et al., “Pigment
epithelium-derived factor inhibits lung cancer migration
and invasion by upregulating exosomal thrombospondin 1,”
Cancer Letters, vol. 442, pp. 287–298, 2019.

[41] K. S. N. Atretkhany, M. S. Drutskaya, S. A. Nedospasov, S. I.
Grivennikov, and D. V. Kuprash, “Chemokines, cytokines
and exosomes help tumors to shape inflammatory microenvi-
ronment,” Pharmacology & Therapeutics, vol. 168, pp. 98–112,
2016.

[42] G. Dyduch, K. Kaczmarczyk, and K. Okoń, “Mast cells and
cancer: enemies or allies?,” Polish Journal of Pathology,
vol. 63, pp. 1–7, 2012.

[43] J. Qu, T. Cheng, L. Liu et al., “Mast cells induce epithelial-to-
mesenchymal transition and migration in non-small cell lung
cancer through IL-8/Wnt/β-catenin pathway,” Journal of
Cancer, vol. 10, no. 16, pp. 3830–3841, 2019.

[44] Q. He, Y. Fu, D. Tian, and W. Yan, “The contrasting roles of
inflammasomes in cancer,” American Journal of Cancer
Research, vol. 8, no. 4, pp. 566–583, 2018.

[45] J. D. Ebben and M. You, “Brain metastasis in lung cancer:
building a molecular and systems-level understanding to
improve outcomes,” International Journal of Biochemistry
and Cell Biology, vol. 78, pp. 288–296, 2016.

[46] D. M. Pardoll, “The blockade of immune checkpoints in can-
cer immunotherapy,” Nature Reviews Cancer, vol. 12, no. 4,
pp. 252–264, 2012.

[47] X. Yan, S. C. Jiao, G. Q. Zhang, Y. Guan, and J. L. Wang,
“Tumor-associated immune factors are associated with
recurrence and metastasis in non-small cell lung cancer,”
Cancer Gene Therapy, vol. 24, no. 2, pp. 57–63, 2017.

[48] J. R. Iacona, N. J. Monteleone, A. D. Lemenze, A. L. Cornett,
and C. S. Lutz, “Transcriptomic studies provide insights into
the tumor suppressive role of miR-146a-5p in non-small cell
lung cancer (NSCLC) cells,” RNA Biology, vol. 16, no. 12,
pp. 1721–1732, 2019.

[49] K. Taniguchi and M. Karin, “NF-κB, inflammation, immu-
nity and cancer: coming of age,” Nature Reviews Immunol-
ogy, vol. 18, no. 5, pp. 309–324, 2018.

[50] B. Ballester, J. Milara, and J. Cortijo, “Idiopathic pulmonary
fibrosis and lung cancer: mechanisms and molecular targets,”
International Journal of Molecular Sciences, vol. 20, no. 3,
p. 593, 2019.

[51] R. Zhang, Y. Dong, M. Sun et al., “Tumor-associated inflamma-
tory microenvironment in non-small cell lung cancer: correla-
tion with FGFR1 and TLR4 expression via PI3K/Akt
pathway,” Journal of Cancer, vol. 10, no. 4, pp. 1004–1012, 2019.

[52] V. Mollica Poeta, M. Massara, A. Capucetti, and R. Bonecchi,
“Chemokines and chemokine receptors: new targets for can-
cer immunotherapy,” Frontiers in Immunology, vol. 10,
pp. 1–10, 2019.

[53] K. A. Hogan, D. S. Cho, P. C. Arneson et al., “Tumor-derived
cytokines impair myogenesis and alter the skeletal muscle
immune microenvironment,” Cytokine, vol. 107, pp. 9–17,
2018.

[54] Y. Zhou, Z. Zhang, N. Wang et al., “Suppressor of cytokine
signalling-2 limits IGF1R-mediated regulation of epithelial-
mesenchymal transition in lung adenocarcinoma,” Cell Death
& Disease, vol. 9, no. 4, p. 429, 2018.

[55] N. Karin, “Chemokines and cancer: new immune check-
points for cancer therapy,” Current Opinion in Immunology,
vol. 51, pp. 140–145, 2018.

[56] X. Chen, J. Wan, J. Liu et al., “Increased IL-17-producing cells
correlate with poor survival and lymphangiogenesis in
NSCLC patients,” Lung Cancer, vol. 69, no. 3, pp. 348–354,
2010.

[57] S. Rivas-Fuentes, A. Salgado-Aguayo, S. Pertuz Belloso,
P. Gorocica Rosete, N. Alvarado-Vásquez, and G. Aquino-
Jarquin, “Role of chemokines in non-small cell lung cancer:
angiogenesis and inflammation,” Journal of Cancer, vol. 6,
no. 10, pp. 938–952, 2015.

[58] J. Ye, R. S. Livergood, and G. Peng, “The role and regulation
of human Th17 cells in tumor immunity,” The American
Journal of Pathology, vol. 182, pp. 10–20, 2013.

[59] M. E. Turnis, D. V. Sawant, A. L. Szymczak-Workman et al.,
“Interleukin-35 limits anti-tumor immunity,” Immunity,
vol. 44, no. 2, pp. 316–329, 2016.

[60] W. Xue, D. Yan, and Q. Kan, “Interleukin-35 as an emerging
player in tumor microenvironment,” Journal of Cancer,
vol. 10, no. 9, pp. 2074–2082, 2019.

[61] D. J. J. Waugh and C. Wilson, “The interleukin-8 pathway in
cancer,” Clinical Cancer Research, vol. 14, no. 21, pp. 6735–
6741, 2008.

[62] B.-R. Lee, B.-E. Kwon, E.-H. Hong et al., “Interleukin-10
attenuates tumour growth by inhibiting interleukin-6/signal
transducer and activator of transcription 3 signalling in
myeloid-derived suppressor cells,” Cancer Letters, vol. 381,
pp. 156–164, 2016.

[63] L. Yang, Y. Dong, Y. Li et al., “IL-10 derived from M2
macrophage promotes cancer stemness via JAK1/STAT1/NF-
κB/Notch1 pathway in non-small cell lung cancer,” Interna-
tional Journal of Cancer, vol. 145, no. 4, pp. 1099–1110, 2019.

[64] M. Oft, “IL-10: master switch from tumor-promoting inflam-
mation to antitumor immunity,” Cancer Immunology
Research, vol. 2, no. 3, pp. 194–199, 2014.

[65] J. C. Soria, C. Moon, B. L. Kemp et al., “Lack of interleukin-10
expression could predict poor outcome in patients with stage
I non-small cell lung cancer,” Clinical Cancer Research, vol. 9,
no. 5, pp. 1785–1791, 2003.

[66] S. Ostrand-Rosenberg and P. Sinha, “Myeloid-derived sup-
pressor cells: linking inflammation and cancer,” Journal of
Immunology, vol. 182, no. 8, pp. 4499–4506, 2009.

[67] V. H. Bermúdez-Morales, L. X. Gutiérrez, J. M. Alcocer-Gon-
zález, A. Burguete, and V. Madrid-Marina, “Correlation
between IL-10 gene expression and HPV infection in cervical
cancer: a mechanism for immune response escape,” Cancer
Investigation, vol. 26, pp. 1037–1043, 2008.

[68] E. M. El-Omar, C. S. Rabkin, M. D. Gammon et al.,
“Increased risk of noncardia gastric cancer associated with
proinflammatory cytokine gene polymorphisms,” Gastroen-
terology, vol. 124, pp. 1193–1201, 2003.

[69] J. M. Faupel-Badger, L. C. R. Kidd, D. Albanes, J. Virtamo,
K. Woodson, and J. A. Tangrea, “Association of IL-10
polymorphisms with prostate cancer risk and grade of dis-
ease,” Cancer Causes & Control, vol. 19, no. 2, pp. 119–
124, 2008.

[70] S. I. Fujii, K. Shimizu, T. Shimizu, and M. T. Lotze, “Interleu-
kin-10 promotes the maintenance of antitumor CD8 + T-cell
effector function in situ,” Blood, vol. 98, no. 7, pp. 2143–2151,
2001.

[71] B. Neven, E. Mamessier, J. Bruneau et al., “A Mendelian pre-
disposition to B-cell lymphoma caused by IL-10R deficiency,”
Blood, vol. 122, no. 23, pp. 3713–3722, 2013.

18 Oxidative Medicine and Cellular Longevity



[72] D. J. Berg, N. Davidson, R. Kühn et al., “Enterocolitis and
colon cancer in interleukin-10-deficient mice are associated
with aberrant cytokine production and CD4+ Th1-like
responses,” The Journal of Clinical Investigation, vol. 98,
no. 4, pp. 1010–1020, 1996.

[73] A. Ziblat, C. I. Domaica, R. G. Spallanzani et al., “IL-27 stim-
ulates human NK-cell effector functions and primes NK cells
for IL-18 responsiveness,” European Journal of Immunology,
vol. 45, no. 1, pp. 192–202, 2015.

[74] D. Boraschi, D. Lucchesi, S. Hainzl et al., “IL-37: a new anti-
inflammatory cytokine of the IL-1 family,” European Cyto-
kine Network, vol. 22, no. 3, pp. 127–147, 2011.

[75] J. Banchereau, V. Pascual, and A. O’Garra, “From IL-2 to
IL-37: the expanding spectrum of anti-inflammatory cyto-
kines,” Nature Immunology, vol. 13, no. 10, pp. 925–931,
2012.

[76] R. Y. Liu, Y. Zeng, Z. Lei et al., “JAK/STAT3 signaling is
required for TGF-β-induced epithelial- mesenchymal transi-
tion in lung cancer cells,” International Journal of Oncology,
vol. 44, no. 5, pp. 1643–1651, 2014.

[77] X. Qin, S. Yu, L. Zhou et al., “Cisplatin-resistant lung cancer
cell–derived exosomes increase cisplatin resistance of recipi-
ent cells in exosomal mi R-100–5p-dependent manner,”
International Journal of Nanomedicine, vol. Volume 12,
pp. 3721–3733, 2017.

[78] Y. F. Yang, Y. C. Lee, S. Lo et al., “A positive feedback
loop of IL-17B-IL-17RB activates ERK/β-catenin to pro-
mote lung cancer metastasis,” Cancer Letters, vol. 422,
pp. 44–55, 2018.

[79] Q. Zhang, H. Wang, X. Wu et al., “TIM-4 promotes the
growth of non-small-cell lung cancer in a RGDmotif- depen-
dent manner,” British Journal of Cancer, vol. 113, no. 10,
pp. 1484–1492, 2015.

[80] W. Liu, H. Wang, F. Bai et al., “IL-6 promotes metastasis of
non-small-cell lung cancer by up-regulating TIM-4 via NF-
κB,” Cell Proliferation, vol. 53, no. 3, article e12776, 2020.

[81] A. R. de Vivar Chevez, J. Finke, and R. Bukowski, “The role of
inflammation in kidney cancer,” Inflammation and Cancer,
vol. 816, pp. 197–234, 2014.

[82] T. Long, Z. Liu, X. Zhou, S. Yu, H. Tian, and Y. Bao, “Identi-
fication of differentially expressed genes and enriched path-
ways in lung cancer using bioinformatics analysis,”
Molecular Medicine Reports, vol. 19, no. 3, pp. 2029–2040,
2019.

[83] Z. Yao, S. Fenoglio, D. C. Gao et al., “TGF- IL-6 axis mediates
selective and adaptive mechanisms of resistance to molecular
targeted therapy in lung cancer,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 107,
no. 35, pp. 15535–15540, 2010.

[84] F. De Vita, M. Orditura, G. Galizia et al., “Serum interleukin-
10 levels as a prognostic factor in advanced non-small cell
lung cancer patients,” Chest, vol. 117, no. 2, pp. 365–373,
2000.

[85] T. Wang, Y. Chen, H. Nie, Y. Huang, Y. Zhao, and J. Yang,
“<p>IL-27 inhibits non-small-cell lung cancer cell metastasis
by miR-935 in vitro</p>,” Oncotargets and Therapy, vol. -
Volume 12, pp. 1447–1454, 2019.

[86] M. Jiang, Y. Wang, H. Zhang et al., “IL-37 inhibits invasion
and metastasis in non-small cell lung cancer by suppressing
the IL-6/STAT3 signaling pathway,” Thoracic Cancer, vol. 9,
no. 5, pp. 621–629, 2018.

[87] Q. Li, Y. Han, G. Fei, Z. Guo, T. Ren, and Z. Liu, “IL-17 pro-
moted metastasis of non-small-cell lung cancer cells,” Immu-
nology Letters, vol. 148, no. 2, pp. 144–150, 2012.

[88] J. Bastid, C. Dejou, A. Docquier, and N. Bonnefoy, “The
emerging role of the IL-17B/IL-17RB pathway in cancer,”
Frontiers in Immunology, vol. 11, pp. 1–7, 2020.

[89] D. S. Kim, N. S. Kwon, and H. Y. Yun, “Leucine rich repeat
LGI family member 3: integrative analyses reveal its prognos-
tic association with non-small cell lung cancer,” Oncology
Letters, vol. 18, pp. 3388–3398, 2019.

[90] D. Che, S. Zhang, Z. Jing et al., “Macrophages induce EMT to
promote invasion of lung cancer cells through the IL-6-
mediated COX-2/PGE2/β-catenin signalling pathway,”
Molecular Immunology, vol. 90, pp. 197–210, 2017.

[91] A. Aiello, F. Giannessi, Z. A. Percario, and E. Affabris, “An
emerging interplay between extracellular vesicles and cyto-
kines,” Cytokine & Growth Factor Reviews, vol. 51, pp. 49–
60, 2020.

[92] D. Lin, M. Zhang, H. Guo et al., “Dispensable role of CCL28
in Kras-mutated non-small cell lung cancer mouse models,”
Acta Biochimica et Biophysica Sinica, vol. 52, no. 6,
pp. 691–694, 2020.

[93] F. R. Balkwill, “The chemokine system and cancer,” Journal of
Pathology, vol. 226, no. 2, pp. 148–157, 2012.

[94] A. Sica, T. Schioppa, A. Mantovani, and P. Allavena,
“Tumour-associated macrophages are a distinct M2 polarised
population promoting tumour progression: potential targets
of anti-cancer therapy,” European Journal of Cancer,
vol. 42, no. 6, pp. 717–727, 2006.

[95] H.-Y. Tan, N. Wang, W. Lam, W. Guo, Y. Feng, and Y.-
C. Cheng, “Targeting tumour microenvironment by tyro-
sine kinase inhibitor,” Molecular Cancer, vol. 17, pp. 1–
15, 2018.

[96] P. Salamon, Y. A. Mekori, and I. Shefler, “Lung cancer-
derived extracellular vesicles: a possible mediator of mast cell
activation in the tumor microenvironment,” Cancer Immu-
nology, Immunotherapy, vol. 69, no. 3, pp. 373–381, 2020.

[97] M. T. Chow and A. D. Luster, “Chemokines in cancer,” Can-
cer Immunology Research, vol. 2, no. 12, pp. 1125–1131, 2014.

[98] T. Sen, B. L. Rodriguez, L. Chen et al., “Targeting DNA dam-
age response promotes antitumor immunity through STING-
mediated T-cell activation in small cell lung cancer,” Cancer
Discovery, vol. 9, no. 5, pp. 646–661, 2019.

[99] F. Meng, W. Li, C. Li, Z. Gao, K. Guo, and S. Song, “CCL18
promotes epithelial-mesenchymal transition, invasion and
migration of pancreatic cancer cells in pancreatic ductal ade-
nocarcinoma,” International Journal of Oncology, vol. 46,
no. 3, pp. 1109–1120, 2015.

[100] M. Iero, R. Valenti, V. Huber et al., “Tumour-released exo-
somes and their implications in cancer immunity,” Cell Death
and Differentiation, vol. 15, no. 1, pp. 80–88, 2008.

[101] M. J. Conroy and J. Lysaght, “CX3CL1 signaling in the tumor
microenvironment,” in Tumor Microenvironment, Springer,
2020.

[102] Y. Cheng, X.-l. Ma, Y.-q. Wei, and X.-W. Wei, “Potential
roles and targeted therapy of the CXCLs/CXCR2 axis in can-
cer and inflammatory diseases,” Biochimica et Biophysica
Acta (BBA) - Reviews on Cancer, vol. 1871, no. 2, pp. 289–
312, 2019.

[103] L. Wang, L. Shi, J. Gu et al., “CXCL5 regulation of prolifera-
tion and migration in human non-small cell lung cancer

19Oxidative Medicine and Cellular Longevity



cells,” Journal of Physiology and Biochemistry, vol. 74,
pp. 313–324, 2018.

[104] D. A. Arenberg, M. P. Keane, B. DiGiovine et al., “Epithelial-
neutrophil activating peptide (ENA-78) is an important
angiogenic factor in non-small cell lung cancer,” The Journal
of Clinical Investigation, vol. 102, no. 3, pp. 465–472, 1998.

[105] J. S. Redzic, A. A. Kendrick, K. Bahmed et al., “Extracellular
vesicles secreted from cancer cell lines stimulate secretion of
MMP-9, IL-6, TGF-β1 and EMMPRIN,” PLoS One, vol. 8,
no. 8, article e71225, 2013.

[106] Z. Bakouny and T. K. Choueiri, “IL-8 and cancer prognosis
on immunotherapy,” Nature Medicine, vol. 26, no. 5,
pp. 650-651, 2020.

[107] G. Kaur and S. Batra, “Regulation of DNAmethylation signa-
tures on NF-κB and STAT3 pathway genes and TET activity
in cigarette smoke extract–challenged cells/COPD exacerba-
tion model in vitro,” Cell Biology and Toxicology, vol. 36,
no. 5, pp. 459–480, 2020.

[108] L. Zhou, Y. Jiang, X. Liu et al., “Promotion of tumor-
associated macrophages infiltration by elevated neddylation
pathway via NF-κB-CCL2 signaling in lung cancer,” Onco-
gene, vol. 38, no. 29, pp. 5792–5804, 2019.

[109] H. Huang, J. Li, W. J. Hu et al., “The serum level of CC
chemokine ligand 18 correlates with the prognosis of
non-small cell lung cancer,” The International Journal of
Biological Markers, vol. 34, no. 2, pp. 156–162, 2019.

[110] B. Zhou, H. Xu, K. Ni, X. Ni, and J. Shen, “Expression of
chemokine XCL2 and CX3CL1 in lung cancer,” Medical
Science Monitor, vol. 22, pp. 1560–1565, 2016.

[111] S. Keller, J. Ridinger, A. K. Rupp, J. W. G. Janssen, and
P. Altevogt, “Body fluid derived exosomes as a novel template
for clinical diagnostics,” Journal of Translational Medicine,
vol. 9, no. 1, p. 86, 2011.

[112] A. Poliakov, M. Spilman, T. Dokland, C. L. Amling, and J. A.
Mobley, “Structural heterogeneity and protein composition
of exosome-like vesicles (prostasomes) in human semen,”
Prostate, vol. 69, no. 2, pp. 159–167, 2009.

[113] Q. Liu, A. Li, S. Yu et al., “DACH1 antagonizes CXCL8 to
repress tumorigenesis of lung adenocarcinoma and improve
prognosis,” Journal of Hematology & Oncology, vol. 11,
no. 1, p. 53, 2018.

[114] C. Grange, M. Tapparo, F. Collino et al., “Microvesicles
released from human renal cancer stem cells stimulate angio-
genesis and formation of lung premetastatic niche,” Cancer
Research, vol. 71, no. 15, pp. 5346–5356, 2011.

[115] K. Gilligan and R. Dwyer, “Engineering exosomes for cancer
therapy,” International Journal of Molecular Sciences, vol. 18,
no. 6, p. 1122, 2017.

[116] S. N. Hurwitz and D. G. Meckes, “Extracellular Vesicle Bio-
genesis in Cancer,” in Diagnostic and Therapeutic Applica-
tions of Exosomes in Cancer, pp. 11–26, 2018.

[117] R. Ge, E. Tan, S. Sharghi-Namini, and H. H. Asada, “Exo-
somes in cancer microenvironment and beyond: have we
overlooked these extracellular messengers?,” Cancer Micro-
environment, vol. 5, no. 3, pp. 323–332, 2012.

[118] W. Hu, C. Liu, Z. Y. Bi et al., “Comprehensive landscape of
extracellular vesicle-derived RNAs in cancer initiation, pro-
gression, metastasis and cancer immunology,” Molecular
Cancer, vol. 19, no. 1, p. 102, 2020.

[119] A. Abak, A. Abhari, and S. Rahimzadeh, “Exosomes in can-
cer: small vesicular transporters for cancer progression and

metastasis, biomarkers in cancer therapeutics,” Peer J,
vol. 6, article e4763, 2018.

[120] R. Kalluri and M. Zeisberg, “Fibroblasts in cancer,” Nature
Reviews Cancer, vol. 6, no. 5, pp. 392–401, 2006.

[121] S. Atay, C. Gercel-Taylor, and D. D. Taylor, “Human
trophoblast-derived exosomal fibronectin induces pro-
inflammatory IL-1β production by macrophages,” American
Journal of Reproductive Immunology, vol. 66, no. 4, pp. 259–
269, 2011.

[122] R. Janssens, S. Struyf, and P. Proost, “Pathological roles of
the homeostatic chemokine CXCL12,” Cytokine & Growth
Factor Reviews, vol. 44, pp. 51–68, 2018.

[123] S. G. Antimisiaris, S. Mourtas, and A. Marazioti, “Exosomes
and exosome-inspired vesicles for targeted drug delivery,”
Pharmaceutics, vol. 10, no. 4, p. 218, 2018.

[124] R. Sullivan, G. Maresh, X. Zhang et al., “The emerging roles of
extracellular vesicles as communication vehicles within the
tumor microenvironment and beyond,” Frontiers in Endocri-
nology, vol. 8, 2017.

[125] C. Rajagopal and K. B. Harikumar, “The origin and functions
of exosomes in cancer,” Frontiers in Oncology, vol. 8, 2018.

[126] C. Ding, X. Sun, C. Wu, X. Hu, H. G. Zhang, and J. Yan,
“Tumor microenvironment modulates immunological out-
comes of myeloid cells with mTORC1 disruption,” Journal
of Immunology, vol. 202, no. 5, pp. 1623–1634, 2019.

[127] C. E. Lewis, M. De Palma, and L. Naldini, “Tie2-expressing
monocytes and tumor angiogenesis: regulation by hypoxia
and angiopoietin-2,” Cancer Research, vol. 67, no. 18,
pp. 8429–8432, 2007.

[128] I. Fricke and D. I. Gabrilovich, “Dendritic cells and tumor
microenvironment: a dangerous liaison,” Immunological
Investigations, vol. 35, no. 3-4, pp. 459–483, 2006.

[129] Y. Yamauchi, S. Safi, C. Blattner et al., “Circulating and tumor
myeloid-derived suppressor cells in resectable non-small cell
lung cancer,” American Journal of Respiratory and Critical
Care Medicine, vol. 198, no. 6, pp. 777–787, 2018.

[130] S. Arora, K. Dev, B. Agarwal, P. Das, and M. A. Syed, Since
January 2020 Elsevier has created a COVID-19 resource centre
with free information in English and Mandarin on the novel
coronavirus COVID-19, The COVID-19 resource centre is
hosted on Elsevier Connect, the company’ s public news
and information, 2020.

[131] L. Ni and J. Lu, “Interferon gamma in cancer immunother-
apy,” Cancer Medicine, vol. 7, no. 9, pp. 4509–4516, 2018.

[132] P. Altevogt, N. P. Bretz, J. Ridinger, J. Utikal, and
V. Umansky, “Novel insights into exosome-induced, tumor-
associated inflammation and immunomodulation,” Seminars
in Cancer Biology, vol. 28, pp. 51–57, 2014.

[133] H. Kasashima, M. Yashiro, H. Nakamae et al., “CXCL1-Che-
mokine (C-X-C Motif) Receptor 2 Signaling Stimulates the
Recruitment of Bone Marrow-Derived Mesenchymal Cells
into Diffuse-Type Gastric Cancer Stroma,” The American
Journal of Pathology, vol. 186, no. 11, pp. 3028–3039, 2016.

[134] S. Acharyya, T. Oskarsson, S. Vanharanta et al., “A CXCL1
paracrine network links cancer chemoresistance and metas-
tasis,” Cell, vol. 150, no. 1, pp. 165–178, 2012.

[135] D. S. Thommen, V. H. Koelzer, P. Herzig et al., “A transcrip-
tionally and functionally distinct PD-1+ CD8+ T cell pool
with predictive potential in non-small- cell lung cancer
treated with PD-1 blockade,” Nature Medicine, vol. 24,
no. 7, pp. 994–1004, 2018.

20 Oxidative Medicine and Cellular Longevity


	Role of Cytokines and Chemokines in NSCLC Immune Navigation and Proliferation
	1. Introduction
	1.1. Lung Cancer and Its Types
	1.2. Tumour Microenvironment and Its Components—Its Role in Aiding NSCLC Metastasis

	2. Cytokines/Chemokines’ Roles in Tumour Progression and Immunotherapy
	2.1. Key Findings Supporting the Role of Cytokines in NSCLC

	3. Role of Chemokines in Lung Cancer Therapy
	3.1. Key Findings Supporting the Role of Chemokines in NSCLC

	4. Cytokines/Chemokines Exploit EVs for their Release
	5. Concluding Remarks
	6. Future Directions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

