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Cytokines and chemokines expression in non-small cell lung carcinoma: diagnosis

and therapeutic responses
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Abstract

Non-small cell lung carcinoma (NSCLC) being multifaceted, it acquires genetic and epigenetic
variations. These changes tend to control differentiation, proliferation, invasion, and metastasis
of tumors. 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 tumor
extension, extrathoracic spread, or poor physical and functional condition when diagnosed.
Cytokines have proved to be successful in cancer treatment, but the impact of certain promising
targets on different immune cell populations is still unknown. In the present study, a total of 250
papers including 230 research papers and 20 review papers, extracted from PubMed and
Scopus and published from December 31, 1995, to December 31 2021, are reviewed. The most
important involved-chemokines in lung cancer including a-chemokine (CC), B-chemokine
(CXC), y-chemokine (C), and &-chemokine (CX3C). While essential cytokines in lung cancer
including TNF-a, IFN- y, TGF-B and interleukins such as IL-6, IL-1B, IL-8, and IL-18 are
introduced. The pathological role of such chemokines and cytokines in cancer signaling
pathways are investigated.
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Introduction

Lung cancer is a major worldwide public health problem and the most frequently diagnosed
cancer. Non-small cell lung carcinoma (NSCLC) histology represents roughly 85% of all lung
cancer. Despite some improvements in the detection and therapy of NSCLC patients, the 5-
year overall survival rate for NSCLC is £15%, demonstrating the need for new biomarkers and
new targets for NSCLC therapy. Specifically, a focus on molecules regulating the tumor-
favorable microenvironment could open new strategies against NSCLC. The presence of
biologically active effector mechanisms and extensive crosstalk exists among immune cells
within the tumor microenvironment that support disease development and progression.
Cytokines, in particular, modulate multiple components of the tumor microenvironment, such
as the immune system, stroma cells, and tumor cells. A subfamily of cytokines called
chemokines was first identified by their property to influence the biological processes which

control leukocyte trafficking. These molecules bear an important role in the carcinogenesis
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processes by controlling several cellular biological aspects, such as cell proliferation,
angiogenesis, inflammation, and cell trafficking. Cytokines and chemokines are involved in
NSCLC histogenesis and they are promising biomarkers influencing diagnosis, prognosis, and

predictive response to therapy in NSCLC.
Epidemiology and Risk Factors

Lung cancer is a major health problem worldwide in terms of incidence, morbidity, and mortality.
Nowadays, lung cancer is the leading cause of death from cancer for both men and women in
Europe and the United States. In Europe, more than 400,000 new lung cancer cases are
diagnosed every year, representing around 20% of all cancer diagnoses. In the US, the
American Cancer Society estimated that 18% of all cancer cases come from lung cancer and
23% of all cancer deaths are due to the disease. The major cause of principal lung cancer
mortality is a late diagnosis. The overall 5-year survival rate is 15%, with the majority of the
patients dying within one year following diagnosis. The treatment of non-small lung cancer cell
carcinoma (NSCLC) is based on surgical resection, but in more than 30% of patients, diagnosis
is made when local symptoms, such as cough or dyspnea related to poor lung function, arise
and surgery is only possible in early stages.

In addition to surgical resection, NSCLC therapy is based on different strategies such as
chemotherapy, radiotherapy, targeted therapy using either epidermal growth factor receptor
(EGFR) inhibitors or the more recent programmed cell death-1 (PD-1) and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) immune checkpoint inhibitors. In literature, many
studies report that immune checkpoint programs such as PD-1, its ligand PD-L1, and CTLA-4
can inhibit the ability of immune cells to recognize and destroy cancer cells, and this cancer
mechanism facilitates cancer cell proliferation. Consequently, the analysis of PD-1 and PD-L1
expression in NSCLC is essential to guide clinicians in cancer prognosis and therapy.
Nonetheless, the control that induces PD-1/PD-L1 signaling activity represents the last step of
a complex network, and in the future, cancer therapy may benefit from a strategy addressing
these interactions.

Cytokines and Chemokines: Functions and Roles in NSCLC

Cytokines and chemokines are small proteins that work as ligands for G-protein-coupled
transmembrane receptors. Upon binding to the receptor, cytokines act in an endocrine and/or
paracrine manner, as ligands for signaling responses, modulating cellular behavior in different
physiological conditions, including angiogenesis, lymphangiogenesis, erythropoiesis, and bone
marrow stem cell self-renewal. Chemokines, in turn, play important roles in the activation and
migration of leukocytes to inflammatory sites or during inflammatory resolution. Since they were
discovered, several studies have highlighted the value of cytokines and chemokines as
regulatory proteins, involved in the progression, behavior, metastasis, and prognosis of a

variety of human malignancies, including lung cancer.
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Lung cancer is the most common cancer worldwide and the leading cause of cancer-related
deaths. Approximately 85% of patients screened and diagnosed with lung cancer are
characterized as non-small cell lung carcinoma (NSCLC). In the tumor microenvironment, an
increase in pro-tumorigenic cytokine and chemokine expression, which is correlated with the
progression of NSCLC, has been observed. In tumor-associated macrophages, high levels of
pro-inflammatory mediators such as CXCL12 and CCL2 can induce proliferation, angiogenesis,
and metastasis through the activation of the CXCR4 receptor and recruitment of endothelial
progenitor cells, a subset of myeloid angiogenic cells.

Overview of Cytokines and Chemokines

Cytokines represent a large group of soluble proteins produced by different cells, including
macrophages, lymphocytes, mast cells, endothelial cells, fibroblasts, and various stromal cells.
Functionally, the cytokines serve as classical modulators of host responses, archetypically
involved in innate immunity, inflammatory responses, and regulation of homeostasis (e.qg.,
cellular differentiation, growth, and tissue control). Their multiple functions are partly explained
by the complexity of their receptors, allowing a cytokine to act on many cell types and signaling
pathways.

In contrast to the cytokines, the chemokines are a defined subfamily of structurally and
functionally related molecules. Their core function is in the control of leukocyte traffic in
homeostatic processes of leukocyte influx to tissues and in the enhancement of inflammatory
reactions following tissue injury, infection, or autoimmune responses. Chemokine receptors are
typical G protein-coupled receptors, further divided functionally into CC, CXC, XC, and CX3C
receptors, and each can be designated on the basis of sequence homology. Overall, these
molecular groups are involved in the orchestration of different immunological processes and
have been shown to play critical immunological roles in a number of pathological states,
including tumorigenesis.

In microenvironmental responses to human non-small cell lung carcinoma (NSCLC), the
activation of specific immune cells results in the tissue expression of related cytokines and
chemokines. The sum effect of local cytokine/chemokine expression creates an orchestrated
response mechanism, which serves to influence the function of the various immune cell types
within and around the tumor sites. These molecules control leukocyte traffic and cytokine
activity in the tumor sites. Such inflammatory responses to cancer cells, aggregated within
individual tissues, are integral to the generation of tissue-specific inflammatory cancers.
Inflammatory Microenvironment in NSCLC

Patients with non-small cell lung cancer (NSCLC) face poor clinical outcomes due to the lack
of sensitive diagnostic biomarkers, a high proportion of resistance to classical therapies, and
the absence of cancer-specific symptoms. Similar to other diseases, chronic inflammation
promotes the development of lung tumors. Various cell types, including macrophages, T and B
lymphocytes, natural killer cells, mast cells, and neutrophils, communicate with tumor cells

through different pathways, such as cell-to-cell contact or paracrine signaling. Numerous
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studies have demonstrated both pro- and antitumor effects of immune cells in cancer.
Therefore, due to the complexity and heterogeneity of cell-to-cell interactions, the design and
application of immune therapy yield different responses.

Cytokines and chemokines play crucial roles in inflammation and innate immunity and
significantly influence each stage of NSCLC development. These molecules can serve as
essential elements for new strategies aimed at combating NSCLC. There are two fundamental
approaches: in vivo quantitative and qualitative estimation of chemokines and cytokines
produced using ELISA, Luminex, or PCR laboratory tests for diagnostic/prognostic purposes
and for predicting response before and during targeted therapy; ex vivo studies on tumor cell
cultures to evaluate the effects of active substances in the tumor microenvironment on NSCLC.
In this context, a series of data, if further confirmed, could be a crucial factor in designing a
bioactive multimodal platform that combines antitumor agents for cancer treatment, with the
goal of personalized medicine.

Immunohistochemistry

Immunohistochemistry allows describing the cellular localization and distribution of a specific
molecule, which is necessary to identify the immediate cellular source and ultimately allows
determining the rationale behind treatment. The commonly used protocol is based on the
incubation of the slice covered by the commercial antibodies towards the target antigen. These
are typically polyclonal and monoclonal fluorophils, which will bind the primary antibodies. The
secondary antibodies are species-specific to the primary antibody and are covalently attached

to the proteins that produce fluorescence.
Enzyme-Linked Immunosorbent Assay (ELISA)

Enzyme-linked immunosorbent assay (ELISA) is a sensitive and specific method to detect and
measure proteins. In this technique, signal amplification is achieved with the addition of an
enzyme-labeled secondary antibody which can produce a visible or fluorescent colorimetric
signal based on an enzymatic reaction. It is essentially a plate-based immunoassay, where a
monoclonal or polyclonal antibody is adsorbed to a polystyrene microplate well. Cytokine that
is being measured can be captured by this antibody.

In a direct ELISA, antibody pairs are used. In a sandwich ELISA, after the coated antibody
captures the cytokine of interest, another antibody that will bind to a different site on the same
molecule is used. The second antibody has an enzyme attached to it, usually alkaline
phosphatase or peroxidase. The amount of cytokine in the sample can be quantified by
detecting and measuring the colored product, which is directly proportional to the amount of
cytokine present in the sample. A standard curve is then constructed to determine the cytokine
concentration of the unknown samples.

Mainly, ELISA is used in cytokine profiling studies, including in lung cancer research, to assess
the expression of a panel of cytokines and chemokines in cell culture supernatants, serum, or

plasma from patients or study participants. These profiles, overall, can provide significant
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information about the relationship of these clinically relevant cytokines with lung cancer. They
are useful in understanding the biology of NSCLC and how it might inform the use of targeted
therapy in future combinatorial trials.

ELISA technology, which is a gold standard for the measurement of molecules in body liquids
or culture, has mainly driven profiling studies in which a panel of cytokines have been quantified
using commercial kits for larger numbers of samples, and previously measured expression
levels have been correlated with survival. The main purpose of using detection technology in
NSCLC in relevant therapeutic research is due to the diagnosis and personalized medicine of
the disease. The current goal and aim are the detection of the effectiveness of the ongoing
trials. The cytokines that have been defined in serum can also provide information about the
diagnosis and be a tumor marker of NSCLC.

Diagnostic Significance of Cytokines and Chemokines in NSCLC

Work on promising biological factors that provide a more accurate differential diagnosis
between neoplastic and non-neoplastic lung diseases, as well as prognosis, has become a
particularly urgent problem. It has been shown that the protein markers of cancer and tumor-
associated immune inflammation among cytokines in patients with non-small cell lung
carcinoma (NSCLC) are identified. However, cytokines and chemokines may be used as
biomarkers for the prediction of carcinomas' behavior. They can modulate the development and
function of the immune system and participate in the formation of antitumor resistance. An
increase or decrease in the expression of cytokines and chemokines reflects the body's
immune response to the tumor, contributing to the increase in the survival rate of patients.
Numerous studies have demonstrated that cytokines and chemokines play an important role in
the initiation, promotion, and progression of lung carcinomas. Therefore, the study of the
immune system and tumor microenvironment is an urgent medical and biological problem.
Based on the above facts, the study of immunity in NSCLC patients has acquired a new
development vector in solving diagnostic and prognostic problems related to the study of
cytokines and chemokines.

Biomarkers for Early Detection

One of the major issues with NSCLC is that it is initially asymptomatic. Chronic cough, chest
pain, recurrent bronchitis, coughing up blood, swallowing difficulty with choking, weight loss,
and loss of appetite are among the nonspecific symptoms that appear at the advanced stage
of NSCLC, which include neurological symptoms such as headache, mental status change,
arm/leg weakness, seizures or problems with wobbling gait (areas of the brain). Indeed, 65%
of patients are diagnosed when the metastases are already advanced and when surgical
operations are no longer applicable. There is an unmet need to detect these primary cancers
early to result in a positive prognosis. Nodules and masses, however, are observed from chest
X-ray and CTPA.
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Therapeutic Targeting of Cytokines and Chemokines in NSCLC

NSCLC is the leading cause of cancer death around the world and globally, it accounts for
around 85% of all LC cases. Its yearly incidence has increased in both men and women, even
with substantial progression in prevention, early detection, and treatment methods, including
surgery, radiotherapy, chemotherapy, targeted agents, and immunotherapy. The treatment
decisional process includes the clinical stage, anatomical location, adverse factors, and
patient's interest. Given the significance of the tumor microenvironment in modulating long-term
disease remission, this has created a new generation of ‘drugable’ targets which lay within the
tumor and non-tumor fraction of the responsive cells and a variety of agents that block these-
related cytokines and chemokines are currently undergoing clinical trial testing in NSCLC.
These encompass the CCL2/CCR2, CXCR2/IL-8, IKK/NF kappa-B, LIF/LIFR, IL4, and IL-
6/IL6R pathways.

Conclusion

The last decade has witnessed a significant rise in the number of scientific publications that
delve into the investigation of cytokines and chemokines expression in non-small cell lung
carcinoma (NSCLC) with the objective to furnish information indispensable for patient diagnosis

and eventual therapeutic approaches employing cytokines and chemokines.
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