
113

J Basic Clin Health Sci 2019; 3:113-120
https://doi.org/10.30621/jbachs.2019.625Journal of Basic and Clinical Health Sciences

Review

New Insight of Tumor Microenvironment in Non-Small Cell Lung Cancer

Tolga Sever1 , Asim Leblebici1 , Altug Koc1,2 , Cilem Binicier1 , Aybüke Olgun1,3 , Deniz Tuna Edizer1,4 ,  
Taha Resid Özdemir5,6 , Gürdeniz Serin5,7 , Melek Erdem5,8 , Yasemin Basbinar9

1Dokuz Eylul University, Institute of Health Sciences, Department of Oncology, Translational Oncology, Izmir, Turkey 
2Dokuz Eylul University, Faculty of Medicine, Medical Genetics, Izmir, Turkey 
3Izmir Tepecik Training and Research Hospital, Internal Medicine, Izmir, Turkey
4Bozyaka Training and Research Hospital, Department of Ear Nose and Throat, Izmir, Turkey
5Dokuz Eylul University, Institute of Health Sciences, Department of Oncology, Basic Oncology, Izmir, Turkey 
6Izmir Tepecik Training and Research Hospital, Genetic Diagnostic Center, Izmir, Turkey
7Ege University, Faculty of Medicine, Pathology, Izmir, Turkey 
8Behçet Uz Child Disease and Pediatric Surgery Training and Research Hospital, Pediatric Hematology and Oncology, Izmir, Turkey 
9Dokuz Eylul University, Institute of Oncology, Department of Translational Oncology, Izmir, Turkey  

Address for Correspondence: Tolga Sever, E-mail: severrtolga@gmail.com
Received: 20.04.2019; Accepted: 27.04.2019; Available Online Date: 28.05.2019
©Copyright 2019 by Dokuz Eylül University, Institute of Health Sciences - Available online at www.jbachs.org

Cite this article as: Sever T, Leblebici A, Koc A, Binicier C, Olgun A, Edizer DT, Özdemir TR, Serin G, Erdem M, Basbinar Y. New Insight of Tumor Microenvironment in Non-Small Cell 
Lung Cancer. J Basic Clin Health Sci 2019; 3:113-120. https://doi.org/10.30621/jbachs.2019.625

Abstract

As in all living cells, cancer cells are evaluating is very important in the frames of tumor development and treatment. As in all evolutionary 
process, the environment of living cells has an important role. Tumor cells have an environment is called tumor microenvironment, affects 
the therapeutic response and clinical results. Tumor microenvironments involve various cell types, extracellular matrix substances that are 
in the niche of cancer cells. The microenvironment is not only important in tumorigenesis but it is effective on therapeutic efficacy. In this 
review, we carried out the interaction between non-small cell lung cancer and its microenvironment to point out the significance of the tumor 
environment.
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Lung cancer, the leading cancer type, includes one of the five 
cancer cases of males and one of nine cancer cases of women. 
Recently, while the incidence of lung cancer is decreasing in 
men, is increasing in women. According to GLOBOCAN-2018 
data shows, today the rate of lung cancer case is approximate 
2.1 million and 1.8 million of the patients result with mortality. 
Lung cancer types commonly are aggressive. The main types of 
lung cancers are small cell lung cancer (SCLC) and non-small 
cell lung cancer (NSCLC). Recently, it is discovered that tumor 
development not depends on the cancer cell individually but 
also on the tumor microenvironment and stromal components. 
Understanding the tumor microenvironment could direct 
to the discovery of new targets for immunological therapies, 
which is particularly important for patients with NSCLC who are 
diagnosed in progressed stages and have low survival rate with 
conventional chemotherapy. The tumor microenvironment 
(TME) is heterogeneous and interactions between genetically 
altered tumorigenic epithelial cells and intra-tumoral stromal cells 
regulate the main characteristics of cancer, including extracellular 
matrix (ECM), angiogenesis, inflammation, immune suppression, 
and metastasis (1). In the current review, the interaction between 
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Figure 1. Tumor microenvironment components
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NSCLC and TME which consist of ECM, the plasticity of cancer 
stem cells, immune suppression, invasion, inflammation, hypoxia, 
and metastasis, angiogenesis, has been carried out.

Extracellular Matrix in Non-Small Cell Lung Cancer Tumor 
Microenvironment
Cancer cells are not autonomously acting, but an ECM that contains 
non-cancerous cells such as immune cells, fibroblasts, endothelial 
and, immune cells, mesenchymal stem cells (MSCs) and collagen, 
elastin, fibronectin, and proteoglycans. These cells and stroma 
could be directed by malignant cells, to facilitate tumor growth and 
metastasis. Malignant cells could affect stromal cells’ metabolism 
which allows the stroma to become proliferative (2).

Tumor stroma has similar features with stroma in wound 
healing. Fibroblasts are predominant cells in NSCLC stroma. 
Cancer-associated fibroblasts (CAFs) facilitate the development 
and invasion of lung cancer by simplifying tumor growth and 
influencing treatment responses. CAFs could be formed by the 
transformation of normal tissue fibroblasts. CAFs are migrated 
from the bone marrow to the tumor stroma, or epithelial-
mesenchymal transition. The CAFs contribute to protease-
associated ECM dissociation and to the development of invasion 
in NSCLC by secreting prometastatic factors such as hepatocyte 
growth factor, SDF-1/CXCL12, leading to a change in protein 
expression of cells at the border of invasion by factors that they 
secrete as (Tumor Growth Factor) TGF-β (3). CAFs could synthesize 
immunomodulatory cytokines such as vascular endothelial growth 
factor (VEGF) and TGF-β, leading to an increase in regulatory T 
cell (Treg) and immunosuppressive lymphocytes, thus leading to 
aggressive disease prognosis (4). Again, NSCLC has been reported 
to express proteins such as fibroblast activation protein, matrix 
metalloproteinases (MMPs), podoplanin, osteonectin/SPARC. The 
expression of these proteins is associated with treatment failure, 
early recurrence, and low survival (5).

The tumor-related macrophage is an important component 
of stroma and is examined in two functional classes. M1 type 
macrophages by secreting agents such as reactive oxygen 
radicals, TNF-α, shows the anti-tumor effect. M2-type 
macrophages contribute to tumor development and invasion 
by secreting degrading enzymes in matrix, angiogenic agents 
and immunosuppressive cytokines. The increase in M1 type 
macrophages in tumor stroma in NSCLC is demonstrated to be 
associated with a good prognosis (6).

The most common substance in ECM of lung tissue is collagen 
that provides tensile strength. With changes in expression in 
NSCLC, the collagen structure changes and contributes to forming 
a more suitable ECM structure for tumor growth. Alteration in 
collagen cross-linking is also seen in NSCLC. Lysizide-oxidase 
(LOX) is an enzyme that could cross-link collagen and increases 
its amount due to hypoxia. LOX-associated collagen binding in 
NSCLC may increase invasion. The laminin-5 expression has 
prognostic significance with increased phospho-EGFR/phospho-
AKT expression (3).

Stem Cells in Cancer
The concept of cancer stem cell (CSC) was suggested about 40 
years ago. It is proposed that there is an effective amount of 
CSCs in tumor growth as in the renewal of healthy cells. Although 
studies have pointed out that many cancer types, for instance 
brain, colorectal, breast cancer and, leukemia have a CSCs niche, 
the identification and destruction of these cells is a difficult 
process. Studies including lineage-tracing and cell-ablation 
strategies have provided insight into the plasticity, quiescence, 
and cell regeneration and treatment responses of CSCs.

The interesting aspect of the CSC theory is that after the first 
chemotherapy or radiotherapy treatments, cancer has an 
explanation for its dormancy and metastasis. More importantly 
in the treatment approach is targeting the group of cells that 
maintain the long-term presence of the tumor rather than 
targeting the tumor mass.

The four basic characteristics of the standard CSCs model are: 
First, the tumor tissue is heterogeneous and has a hierarchical 
structure, similar to the original tissue from which it originates. 
Second, a small portion of CSCs have an ability of self-renewing 
and are typically silent. Non-cancer stem cells, which make up a 
large part of the tumor mass, have only a temporary proliferation 
characteristic and therefore do not affect long-term tumor 
growth. Third, non-CSCs rarely cause tumor growth in xenograft 
studies. This indicates that the plasticity in the tumor hierarchy is 
limited. Finally, CSCs are mainly resistant to chemotherapy and 
radiotherapy targeting non-CSCs. This explains the relapses seen 
after treatment. Melanoma and pancreatic cancer have features 
which are not suitable to the standard model.

Mesenchymal stem cells (MSCs), are precursors of many stromal 
cells in the tumor microenvironment; they support to the 
construction of the tumor stroma and affects tumor growth. 
The effects of MSCs on NSCLC are complex. MSCs secretes 
pro-angiogenic factors such as FGF-2, PDGF, IL-6, FGF-6, VEGF, 
angiopoietin-1 which increase the angiogenesis of tumor. 
Moreover, causes immunosuppressive effects by inhibiting of 
dendritic cell maturation. Also, suppressing of T cell proliferation 
and NK/B cell stimulation. While many data support that MSCs 
protect NSCLC cells from apoptosis, there is also evidence that 
MSCs prevent NSCLC progression (3).

The Role of the Immune System in Non-Small Cell Lung Cancer 
Tumor Microenvironment
Immune system components of TME are essential. The immune 
system in TME consists of two separate parts, being an innate and 
acquired immune response. The innate immune system involves 
phagocytes containing neutrophils, dendritic cells (DC), natural 
killer cells (CD3-, CD56+), mast cells/macrophages (CD68 +), 
and natural killer T cells (CD56 + CD3 +), and is mainly against 
foreign pathogens. The innate immune system takes part in the 
first defense. However, reprogrammed innate immune system 
of cancerous cell stimulates tumor improvement by supporting 
tumor metastasis, invasion, and angiogenesis; In contrast, the 
adaptive immune system components try to suppress tumor 
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development. Two major T lymphocyte subgroups and B cells 
mediate to the acquired immune system; helper T cells (Th) (CD4 
+), cytotoxic T cells (CTL) (CD8 +), and additionally B cells (CD20 +). 
The acquired immunity is a second-line protection acts through 
antigen-specific molecules and needs clonal proliferation which 
occurs after recognition of foreign antigens (1).

The organization, which ensures that the immune cells are 
systematically dispersed within the cancerous tissue, is due to 
the occurrence of tertiary lymphoid structures (TLSs), the ectopic 
lymph node-like structures. Some adhesion molecules, chemokines 
and integrins, have a significant influence in the recruitment of 
T cells from blood to TLS. The role of TLSs is demonstrated in 
respiratory immunity in viral infections and the presence of TLSs 
is illustrated to affect the local immune microenvironment in the 
lung. Primary, high TLS intensities are related with activated CD8 + 
T cells within the tumor. The importance of TLSs in the antitumor 
immune reaction has been also demonstrated by the presence of 
IgA and/or IgG against tumor antigens from B cells in lung cancer 
tissue which involves TLS. The intensity of TLS and the increase 
in survival supports that TLS is important in defensive response 
(7–9). While the immune system varies in lung cancer metastases 
of other tumors or in different organ metastases to the lung, 
there is a significant correlation between the immune cell density 
between the primary and metastatic regions (10).

Myeloid-derived suppressor cell (MDSC) is a significant ingredient 
of the immunosuppressive system. MDSCs are able to suppress 
host antitumor immunity. MDSCs constitute tumor growth 
factor-β (TGF-β), vascular endothelial growth factor (VGFR), 
hypoxia-induced factor 1 (HIF 1), fibroblast growth factor, reactive 
oxygen species and also MMP-9 to form a suitable environment 
for neo-angiogenesis for tumor development (10). These myeloid 
cells expressing L-arginase (ARG-1), which consume L-Arginine, 
and inducible nitric oxide synthase (NOS), show an effect on the 
suppression and apoptosis of CD8 + T cell proliferation and in 
the reduction of CD3 + expression. MDSC numbers are related 
with negative response to short survival and chemotherapeutic 
treatments.

TME usually harbors Tumor-infiltrating lymphocytes (TILs). 
They are associated in an immune response to the tumor. TILs 
include CD8 + cytotoxic T lymphocytes (CTLs) that could directly 
kill tumor cells, and CD4 + T helper lymphocytes (Th), which are 
secreting heterogeneous cytokine. Th1 subtypes induce CTLs, 
while Th2 lymphocytes activate humoral immunity. In addition 
to Th1 and Th2 lymphocytes, a subset of the CD4 + regulatory T 
lymphocyte (Treg) is involved in the secretion of IL-10, IL-35, and 
TGF-β. Moreover, in the suppression of effector T lymphocytes 
subset of Treg has an important role (11).

As in various neoplastic cases, lung tumor cells could improve 
different escape mechanisms. Tumor cells possibly cause loss 
of Human Leukocyte Antigen (HLA) class I molecules in tumor 
progression by modulating their sensitivity to breakdown by NK 
cells and cytotoxic T cells. It is pointed out that lung cancer cells 
could perform the production of immunosuppressive factors 

in the TME. Also, tumor cells are known to secrete a catabolic 
enzyme indoleamine 2.3-dioxygenase that is related with 
inhibiting of immune responses, or immunosuppressive cytokines, 
such as TGF-β or IL-10, and which is effective in increasing the 
proliferation of cancer cells. Lung cancer cells express their 
chemokine receptors besides other components of the TME. 
Additionally, it is signified that, C-X-C motif chemokine receptor 
4 (CXCR 4), which provides survival, proliferation, invasion, and 
metastasis in tumor cells, has a high expression level in tumor cells 
opposed to normal cells (12). The effect of CXCR4-C-X-C motif 
chemokine ligand 12 (CXCL12) is significant in the metastasis in 
patients with NSCLC. C-C motif chemokine ligand 20 (CCL20)’C-C 
motif chemokine receptor 6 (CCR6) is known to be effective in the 
progression of NSCLC with the pro-inflammatory and proliferative 
effects (13). Finally, NSCLC cells can express CXCL8 which takes 
on an important role as a growth factor with autocrine/paracrine 
action on tumor cells. CXCL8 is a ligand for CXCR1 and CXCR2 
which are secreted by the cancer cells.

Some oncogenes in lung cancers (alteration in TP53, K EGFR, RAS, 
CDKN2, FHIT, MYC, LKB1 and RB genes) are shown to affect tumor 
microenvironment to promote immune escape (14). Cancer 
germline antigens genes indicate poor prognosis in lung cancer 
or antigens encoded by mutated genes have been identified.

Tumor cells form a specific immune control point to protect 
itself from the immune system. In particular, they escape from 
the control of T cells which are specific for tumorigenic antigens. 
These points involve programmed death protein-1 (PD-1), 
and cytotoxic T-lymphocyte-associated protein-4 (CTLA4) and 
T-cell immunoglobulin and mucin associated with cytotoxic 
T-lymphocyte domain-3 (TIM-3) and inhibitory substances that 
are secreted by T cells. Additionally, these points involve ligands 
such as programmed death ligands PD-L1–2, and also B7-H2 
which are expressed by APCs. Cancer cells are able to express the 
death ligands. (15). In NSCLC, 20–60% of tumors are known to be 
positive for the death ligands in low levels. (16). The expression of 
the ligands in tumor cells is signified on the cell membrane and/
or the cytoplasm. High PD-1 level is related with the impaired 
T-cell function. Suppression of the PD-1/PD-L1 pathway resulted 
in increment of T-cell proliferation. Also while the pathway is 
blocked, cytokine production may increase. High PD-L1 tumor 
expression indicates poor prognosis (16). In approximately 50% 
of NSCLC patients, CTLA-4 is present in the tumor cell membrane 
and cytoplasm. It is known that CTLA-4 overexpression has a 
positive correlation with survival (17). Since various immune 
control points are starting by ligand-receptor interactions, they 
could be inhibited and in oppose could be promoted by unique 
antibodies (17).

In NSCLC, many investigations have been performed to evaluate 
the relationship between the existence and intensity of immune 
cells and the survival of patients. In most of the test, high CD3+, 
CD8+ or CD4+ T cell infiltrations have been related with good 
prognosis and Tregs were related with poor prognosis. The 
proportion of stromal FoxP3 to CD3 + cells have been signified 
as related to higher relapse risk. When immunohistochemically 
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specific Treg markers are not detected, FoxP3 or CD25 could also 
be used as carrier markers of Tregs since their effects on prognosis 
are important (18).

Unlike T cells, the clinical effect of B cells is not fully proved. In 
NSCLC, every step of B-cell alteration was illustrated. High B cell 
density is shown to correlate with increased survival. It could be 
assumed that B cells are important in their antitumor immunity, 
by producing tumor antigen-specific antibodies by presenting 
tumor antigens directly to T cells. Additionally, it could be assumed 
that professional Antigen Presenting Cells (APCs) play a role by 
producing tumor antigen-specific antibodies which aim to tumor 
antigens such immune complexes (19).

Natural killer (NK) cells have been found in the TME of NSCLC. In 
studies which utilize NKp46 marker proposed that the intensity of 
NK cells have no correlation with clinical result in the initial phase 
of NSCLC (20).

Tumor-associated macrophages (TAMs) signify other important 
substance of the TME in NSCLC (32). Basically, TAMs are categorized 
as pro-inflammatory M1 macrophages which show anti-tumor 
effect and M2 macrophages demonstrate proangiogenic activity. 
In NSCLC, M1 phenotype is related with good prognosis and M2 
macrophages identified as signs of poor prognosis (21).

High level of neutrophil is found to be related with a higher risk 
of recurrence (22) but, not related to survival (23). Dendritic cells 
(DC) are the key controllers of the immune response and may 
create T-cell responses, which differ from other APCs. Matured 
DCs are only found in TLS which are signs for good prognosis (9). 
Since the intensity of mature DCs and TLSs are correlated which 
has been suggested that the presence of TLS in patients with 
NSCLC is a related with a good prognosis (7).

As a result, the immune environment has a big significance in the 
outcomes of patients with NSCLC Additionally, the environment 
should be considered in the clinical management of cancer 
patients.

Inflammation and Non-Small Cell Lung Cancer Interaction
Inflammatory cells and mediators are an important constituent of 
the TME. Whatever the origin, the inflammatory process in the TME 
has many tumor-supporting effects. The Inflammatory process 
helps progression and proliferation of tumor cells, promotes 
angiogenesis and metastasis, disrupts the adaptive immune 
response, and modifies responses to therapeutic agents (24).

Inflammation is a physiological progression encouraged by 
inflammatory cells to fight against to infections and heal wounds. 
Additionally, prolonged inflammation due to chronic inflammation 
is able to cause cellular proliferation due to continuous tissue 
damage. This may result in metaplasia and dysplasia (25). Thus, 
there is an important relationship between infection, and chronic 
inflammation in early stages of neoplastic growth. Although it is 
clear that inflammation does not cause malignant proliferation 
alone, it may increase the risk of developing rich malignant 

microenvironment with inflammatory cells and growth factors. 
This tumor microenvironment consists not only of local tissue cells 
such as endothelium and fibroblasts but also of tumor-infiltrating 
leukocytes (26). In clinical and epidemiological studies, 20% of 
tumors were illustrated to be related with chronic infections (27).

Tumor-associated fibroblasts are thought to inhibit the function 
of inflammatory cells in the TME. They contribute to tumor 
proliferation, angiogenesis, invasion, and metastasis by secreting 
various cytokines and growth factors. It is also demonstrated to 
increase the PDL-1 expression from tumor cells in lung cancer.

It has been known that tumor-infiltrating neutrophils can exhibit 
both pro-tumoral effect and anti-tumoral effect. It has been 
reported that high neutrophil density represents poor prognosis 
in NSCLC patients (28).

All of the cells that make up the cancer microenvironment may 
produce various cytokines, chemokines, reactive oxygen radicals, 
metalloproteinases, interleukins or interferons which mediate the 
development of lung cancer. In addition, tumor cells produce 
various cytokines and chemokines which cause leukocytes to 
enter the environment. Some cytokines are carried out to mediate 
various stages of carcinogenesis. Interleukins are a family of 
cytokines that can cause growth, differentiation of tumor cells and 
activation of inflammatory cells, so that play an important role in 
tumor development. They have effects as autocrine and paracrine 
growth factors that help to growth by blocking apoptosis in the 
inflammation site (29). Novel researches have performed that IL6, 
and IL17 gene polymorphisms is effective on the survival rate. 
Additionally IL12A, IL13, IL16 genes play an important role on 
the survival of NSCLC patients (30, 31). IL1B is a cytokine which 
responds to inflammation and stimulates the expression of genes 
related to inflammation. IL1B could be produced by lung epithelial 
cells. Changes in ILB1 gene are revealed to have an impact on 
the development of NSCLC. IL6 is an important inflammatory 
cytokine that plays a role in tumor development stages such as 
proliferation, angiogenesis, and apoptosis. It is secreted from both 
lymphoid cells and non-lymphoid cells (13). The polymorphism 
in the IL6 gene is related with a poor prognosis in NSCLC (32). 
IL12A is a cytokine produced in macrophages, neutrophils, and 
B lymphocytes. The cytokine regulates the immune response 
and shows anti-angiogenic activity. In germline mutations are 
thought to contribute to tumor progression due to decreased 
anti-angiogenic activity. Again, polymorphisms in the IL13 gene 
have been reported to support tumor progression (30). IL16 T is 
a pro-angiogenic cytokine which is lymphocyte stimulating, it has 
been reported that the polymorphisms in this gene may have an 
effect on the prognosis of NSCLC patients (30). IL17 is specifically 
secreted from activated CD4 (+) T-helper cells are known as Th17, 
macrophages, and CD8 (+) T lymphocytes. IL17 has other functions 
such as induction of other cytokines (IL6, IL8, IL18, TNF-alpha) 
and stimulation of new vessel formation/endothelial migration. 
Therefore, it plays an important role in tumor progression. The 
high expression level of IL17 in lung cancer is shown to be an 
indicator for poor prognosis (31).
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PD-L1 (programmed cell death ligand-1) is the main ligand of PD-1 
(programmed cell death-1) and is widely expressed in dendritic 
cells, macrophages, mast cells, T lymphocytes, B lymphocytes, 
endothelial and epithelial cells. It is known that PDL-1 binding to 
PD-1 induces T cell tolerance and thus the tissues are protected 
from autoimmune attack. Tumor cells are also protected from the 
immune system by demonstrating PDL-1 overexpression with 
similar mechanisms. In NSCLC, the association between increased 
expression of PDL-1/PD-1 and positive response to anti-PDL1/
PD1 treatments is illustrated shown (33).

As a result, NSCLC is an important component of the tumor 
microenvironment consisting of inflammation, inflammatory 
cells, and mediators. While some components of inflammation 
show anti-tumoral effects, many of them show features that 
support tumor progression, angiogenesis, invasion, and 
metastasis. In recent years, studies on targeting therapies for 
tumor microenvironment and inflammation have gained speed 
and positive results have been obtained from these treatments.

Hypoxia Effects in Non-Small Cell Lung Cancer
Hypoxia, low oxygen status, is a condition in solid tumors and 
typical features of the TME. Hypoxia occurs when the oxygen 
requirement of the tissue exceeds the oxygen supply. The reasons 
for this are aberrant blood vessel formation, fluctuations of blood 
and high oxygen demand due to the rapid growth of the tumor. It is 
known that hypoxia activates genes those involve in angiogenesis 
and metastasis and predisposes to metastasis. Chronic hypoxia 
affects the motility and indirectly invasive characteristics of tumor 
cells, resulting in poor prognosis. Tumor cells exposed to hypoxia 
activate various transcription factors, triggering signals that 
regulate important events such as apoptosis, cell proliferation, 
and angiogenesis (34).

One of the most important mediator in the presence of hypoxia 
is hypoxia-induced factor-1 (HIF-1). The factor is responsible for 
the regulation of genes which has an important role in metastasis, 
metabolism, angiogenesis, and invasion (23).

HIF-1 is a transcription factor containing alpha, beta subunits. 
Although beta subunit is constitutively synthesized, alpha subunit 
is demolished by prostheses after ubiquitination under normoxic 
conditions. HIF-1 alpha shows HIF activity as it is expressed fast 
in hypoxia. HIF-1 alpha is revealed to perform a crucial effect in 
angiogenesis. Once the HIF-1 alpha protein reaches the nucleus, 
it is coupled with HIF-1 beta to produce a heterodimer. The HIF-
1 heterodimer causes activation of the gene encoding vascular 
endothelial growth factor-A (VEGF-A) (35). Increased expression 
of HIF-1 in the presence of hypoxia increases oxygenation in the 
affected area.

In the presence of normal oxygen concentration, proteolytic 
degradation of the HIF-1 alpha subunit is very fast. In cases where 
the concentration of oxygen decreases, the degradation of HIF-
1 alpha decreases. In the presence of cancer, HIF-1 alpha also 
provides for the expression of a large number of genes. VEGF is 
an important stimulant in angiogenesis (36). Cytokines, growth 

factors and oncogenes that activate p42/p44 mitogen-associated 
protein kinase (MAPK) and/or phosphoinositidyl-3 kinase (PI-3K) 
pathways could rise HIF-1 alpha activity. This activity increase may 
be in the form of phosphorylation or an increase in HIF-1 alpha 
expression independent of oxygen (37).

HIF-1 binds to a region (5’-CGTG-3 ‘) located in the promoter 
region of the target gene and known as the hypoxic response 
element. These target genes are important in various processes 
such as angiogenesis, vasodilation and anaerobic metabolism, 
which are responsible with increasing cell survival. HIF-1 
alpha activity is indicated to increase tumor growth and cause 
chemotherapy resistance in many studies. Dephosphorylated 
HIF-1 alpha stabilizes p53 and induces apoptosis.

HIF-1 is highly expressed in solid tumors and is associated 
with poor prognosis. The relationship between HIF-1 and poor 
prognosis is accepted independently of the histopathological 
stage (37). Carbonic anhydrase IX and glucose transporter-1 
are among the transcriptional targets of HIF-1 and are used 
as hypoxia markers in different tumors. High HIF-1 expression 
reflects chronic hypoxia, and it is thought to affect prognosis 
in the long term. On the other hand, acute hypoxia is a factor 
affecting radiotherapy response, but it is known that it is less 
important than long term response to surgery and chemotherapy 
compared to chronic hypoxia.

Some biological agents have been approved to eliminate the 
effects of VEGF (38). Similarly, the use of HIF-1 alpha as a new 
target in the treatment of lung cancer is also considered.

Although it is more difficult in lung cancer than tumors that 
are more superficially located, there are usually three methods 
for assessing hypoxia: measurement of partial oxygen pressure, 
detection of proteins in tumor tissue or hypoxia in the blood, and 
visualization of hypoxia and tumor vessels.

The partial oxygen pressure (pO
2
) in non-small cell lung cancer 

(NSCLC) was evaluated in vivo. In all except one of the twenty 
patients who underwent intraoperative measurement with 
polarographic electrode during NSCLC resection, the pO

2
 value 

in the tumor tissue was shown to be lower than the pO
2
 value 

of lung tissue (35). In plasma, osteopontin (OPN) and carbonic 
anhydrase IX (CA-IX) levels in tumor tissue were investigated and 
these variables were found to be strongly correlated with the ratio 
of pO

2
 in tumor tissue to pO

2
 in the lung.

Proteins associated with hypoxia in solid tumors include VEGF, 
BNIP3, lysyl oxidase, plasminogen activator inhibitor-1, lactate 
dehydrogenase isoenzyme-5, and galectin-1. However, the 
clinical significance of these proteins in lung cancer has not been 
fully established.

HIF-1 alpha expression in NSCLC is proved to be associated with T 
staging and poor prognosis. The expression is related with vascular 
invasion, pathological stage and VEGF expression (39).
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Tumor Microenvironment in Angiogenesis
Endothelial cells, which are the basic building blocks of tumor 
angiogenesis, have very important functions in enhancement 
the nutrients and related gases necessary for tumor growth, 
continuity, and metastasis. Vascular endothelial cells actively 
modulate inflammatory processes in both normal and diseased 
tissues and directly affect tumor behavior in carcinogenesis. In 
particular, high vascularity around the tumor is associated with 
progression of tumor (40).

Angiogenesis is controlled by stimulating factors and inhibitory 
factors that balance them. Among the stimulating factors 
were VEGF, PDGF (platelet-derived growth factor), bFGF (basic 
fibroblast growth factor), TP (thymidine phosphorylase)/PDEC-
GF (thrombocyte endothelial cell growth factor). Tumors could 
regulate these factors up or down to form an environment in which 
angiogenesis will occur. In lung cancer, activation of the VEGF/
VEGFR signaling pathway is increased and VEGF overexpression 
is associated with poor prognosis. The increase in bFGF and 
PDEC-GF/TP expression was also related with poor prognosis in 
NSCLC patients (40). HIF-1α and HIF-2α, which have a significant 
role of the regulation of many genes involved in the regulation of 
angiogenesis, are expressed in tissue samples of NSCLC patients, 
and the presence of HIF-2α expression is a sign of poor prognosis 
(40). Expression of MMP-12 from the MMP family involved in 
the rearrangement of the ECM during the angiogenesis process 
is related with a poor prognosis in NSCLC. Increased expression 
of IL-8, another angiogenic factor, is associated with increased 
microvessel concentration and is an important prognostic marker.

Tumor development and metastasis are firmly associated with 
angiogenesis, potential targets include VEGF, receptor tyrosine 
kinases (TK) and MMPs. The first of these is the VEGF-VEGFR 
pathway. One of these pathways inhibiting agents is Bevacizumab, 
the anti-VEGF recombinant human monoclonal antibody. TKIs 
inhibit receptor tyrosine kinases, particularly VEGFR and EGFR.

Microenvironment Effects in Invasion And Metastasis In Non-
Small Cell Lung Cancer
In the lung, anatomical and cellular properties demonstrate 
defensive barrier against foreign pathogens and particles. Especially 
in inflammatory conditions such as Chronic Obstructive Pulmonary 
Disease (COPD), lung microenvironment supports carcinogenesis. 
Lung adenocarcinomas include subtypes with different cellular and 
mutation heterogeneity (41). Heterogeneity is not limited to tumor 
epithelial cells, but also includes TME, which includes vascular, CAFs, 
ECM, and infiltrative immune cells. TME involves to lung cancer 
growth and may provide prognostic benefit. Biomarkers with the 
potential to identify the stage and/or type clinical and therapeutic 
responses of TME are described (42). CAFs are associated with 
cancer cell angiogenesis, proliferation, metastasis, invasion, and 
drug resistance. They are characterized by an increased risk of 
metastases and recurrence (43). At the same time, CAFs were also 
isolated in NSCLC expressing PD1 receptor-associated PDL1. In 
various studies, it was emphasized that the ECM network containing 
hyaluronan, MMP14 and lysyl oxidase may have therapeutic 
effect (44). Angiogenesis is the key sign of cancers. Tumor-derived 

angiogenetic factors support to endothelial cell proliferation and 
migration. This contributes to the progression, spread of the tumor 
and the formation of new capillaries which have an important role 
in metastasis. Anti-angiogenetic therapies, such as bevacizumab, 
have been included in the treatment of NSCLC (45). Combinations 
of bevacizumab may be preferred in non-squamous NSCLC with 
negative EGFR and ALK.

20–40% of patients with NSCLC occur brain metastases that is a 
sign of poor survival throughout their lives (46). Astrocytes produce 
specific inflammatory cytokines such as IL-1beta, IL-8, IL-6, and 
TNF into the brain microenvironment, contributing to the brain 
metastasis from the lung. At the same time, astrocytes secrete 
MMP-2 and MMP-9 also contribute to the formation of cell 
invasion and metastasis (47). Sprinkle expression from lung cancer 
cells also facilitates vascular co-option and death in the reactive 
brain microenvironment of these cells signal (48). Early stage of 
lung cancer metastasize to the brain. In the animal models of lung 
cancer, activation of the WNT-T cell factor (TCF) pathway leads to 
the activation of WNT and TCF target genes, homeobox B9 (HOXB9) 
and lymphoid enhancer-binding factor 1 (LEF1) also modulate 
invasion and growth of bone metastases. CXC-chemokine ligand12 
(CXCL12; also known as SDF1alfa) of osteoclast origin, activates 
the pathway of ERK-nuclear factor-KB (NF-SDB) and secretion of 
MMP-9 by signaling through the CXC4 receptor in lung cancer 
cells. Thus, invasion and metastasis of the cancer cell is possible. 
CD8: CD68 T cell and CD8: CD4 T cell in primary and metastatic 
lesions in patients with NSCLC. found low (49). In another study, 
lung cancer cells are signified to secrete IL-6 to transport galectin-
3-expressing inflammatory myeloid cells into the blood; it follows 
the interaction of myeloid cells in the metastatic niche, through cell 
surface expression of an oncofetal galectin-3 carbohydrate ligand 
(T antigen) of metastatic cancer cells (50).

CONCLUSION

Despite the progress in surgery, radiotherapy, chemotherapy 
and targeted therapies, the prognosis in the local advanced and 
metastatic stage at the time of diagnosis is poor in most patient. 
In the frame work analysis of TME in lung cancer is a new area 
of investigation. This is the most important obstacle given the 
high heterogeneity of genetic and epigenetic mutations present 
in the related tumor, differences in host genetic background, 
as well as tissue-specific responses. Understanding the cellular 
and molecular mechanisms underlying these processes will 
provide novel avenues leading to the discovery of biomarkers for 
development and treatment in lung cancer.
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