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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-f, and TNF-«)
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
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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 the World 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 137 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].

L.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
IT alveolar cells of lungs’ exterior hiding mucus [11]. The
other subdivision, SCC, found in the middle of the lungs aris-
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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 or metastatic 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 tumour micro-
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 1I
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-y, and tumour necrosis factor o (TNFa))
favour cell-mediated immunity; TH2 cytokines (e.g., [L-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 (Thl) and T killer type 1
(Tcl) 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 Thl cytokines that reprogramme tumour-associated
M2 macrophages, which discharge arginase and inducible
nitric oxide synthase, into M1 killer cells that produce IL-12
and TNFa. 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 the ME 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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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.

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-polarised motile mesenchymal 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 1g 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
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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
turther 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-) «B, 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-a; IFN-y;
TGF-f) 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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TaBLE 1: Roles and functions of the cellular components secreting cytokines/chemokines in the tumour microenvironment.
Cell type Function in TME References
Tumour-associated TAMs exhibit M2 macrophage phenotype, i.e., protumorigenic in nature, anti-inflammatory, [126]
macrophages (TAMs)* and secrete T2 cytokines. Aid angiogenesis and invasion of cancer cells to secondary sites.
TIE-2-expressed TEMs are the monocytes that express angiopoietin receptor, TIE-2. Engage in paracrine
. . . R . . Lo . . [127]
macrophages (TEMs) signalling with angiopoietin expressing endothelial cells aiding tumour angiogenesis.
Cancer-associated fibroblasts Active stromal-cell populations, aid desmoplastic tumour niche. Promote [29]
(CAFs) angiogenesis and mediate tumour-promoting inflammation by releasing cytokines.
Neutrophils N1-type possess ant1tumoFlger.nc, prfn-nﬂammatory and secrete T} 1 cytokl'nes. [35]
N2-type possess protumorigenic, anti-inflammatory and secrete T} 2 cytokines.
. Cytotoxic lymphocytes, in the absence of antigen presentation, kill stressed cells. Detect
Natural killer (NK) cells and kill tumour cells through “missing self” activation “stress-induced” activation. [30]
Dendritic cells (DCs) Antigen-presenting cells (APCs) .that regulate a_daptlve immune response. In the TME, they [128]
promote angiogenesis by stimulated vascularisation.
Mast cells (MCs) Generate, maintain innate and adaptive immune responses. Release factors that stimulate (42]
endothelial cell growth to promote angiogenesis in tumour cells.
Myeloid-derived suppressive Disrupt tumour immune surveillance by interfering with T and NK cells functions.
o [129]
cells (MDSCs) Promote M2 macrophage polarisation.
Modulators of humoral immunity, protumorigenic in nature and secrete cytokines. Alter
B-cells . (33]
T,,1:T} 2 ratio.
Regulatory T (T,,.) cells Suppress immune surveillance and.ehc1t protumorigenic roles. Positively correlate with overall [47]
reg survival (OS) in multiple cancers.
Separated into—T} 1 and T} 2 lineages. T},1 secrete proinflammatory cytokines and are
CD4+ Ty, cells antitumorigenic in nature while T, 2 secrete protumorigenic cytokines and are
anti-inflammatory. [55]

CD8+ T, 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 Ty 1 cytokines and has proinflammatory and antitumorigenic roles while M2 type secretes T2 cytokines and possesses anti-inflammatory and
protumorigenic in nature. T; 1: T} 2 ratio possesses a correlation with tumour grade and stage [130].

via immunosuppression. It also relocates tumour cells to
other new sites as wells as lymph nodes, rich in T-lympho-
