Tumor microenvironment as a potential source of clinical
biomarkers in non-small cell lung cancer: can we use enemy
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The relevance of tumor microenvironment (TME) in
tumorigenesis is widely known, and many efforts have
been made in order to fully understand its peculiarities (1).
It is acknowledged that tumor cells closely interact with
TME, which is constituted by blood vessels, immune
cells, fibroblasts, signaling molecules, and the extracellular
matrix (ECM). On one hand, tumor cells modify the
microenvironment by releasing extracellular signals, thus
promoting immune tolerance and neoangiogenesis, resulting
in an ecosystem that is suitable for their survival; on the other
hand, the now-adapted TME promotes proliferation and
survival of neoplastic cells (2,3). This complex interaction
between tumor cells and the surrounding environment
has been the subject of several preclinical and clinical
studies and has provided potential biomarkers for clinical
practice as well as targets for antineoplastic therapies; this
is of particular relevance, among other malignancies, in
non-small cell lung cancer (NSCLC), as improvements
in its management represent an urgent medical need.
As an example, tumor cells induce neoangiogenesis by
paracrine signaling directed on stromal fibroblasts and
endothelial cells; therefore, vascular-disrupting agents,
such as bevacizumab, represent a generally successful
therapeutic approach (4,5). As immune checkpoint blockade
has become a therapeutic standard in several solid tumors,
including NSCLC (6,7), the interest in the characterization
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of tumor-infiltrating immune cells has significantly grown.
Indeed, the number of specific tumor-infiltrating immune
cell subpopulations, such as FOXP3" Treg cells, has been
reported as a potential prognostic factor in NSCLC (8);
furthermore, it has been suggested that tumor samples
of non-smoking patients with lung adenocarcinoma are
characterized by an immunosuppressive microenvironment,
which might promote tumor progression (9). In addition
to immune and stromal cells, TME is characterized by its
non-cellular component, globally known as the ECM,; this
entity contains a complex set of molecules, usually secreted
by stromal cells, which are pivotal in the maintenance of
tissue architecture in normal conditions. Notably, TME can
also affect tumor cell proliferation, potentially favoring cell
invasion and development of metastases, while the presence
of neoplastic cells is known to modify the composition of
TME in return (10). In spite of the critical role of ECM in
cancer, its modifications in presence of tumor cells are not
completely known and represent an emerging subject of
interest for basic and clinical research (11). Due to its tight
relationship with tumor cells, ECM has been considered a
promising source of potential cancer biomarkers for a long
time (12). In normal conditions, ECM is highly organized
and its characteristics depend on the precise proportion of
its components, which ultimately define its physical and
biochemical properties. Features such as porosity, elasticity,
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solubility, and orientation are pivotal for determining how
ECM supports normal tissue growth and maintenance of
architecture; furthermore, ECM can limit the accessibility
of receptors on cell surface to soluble ligands such as growth
factors due to its bioelectrical charge, or even generate
active signaling ligands starting from its own components.
Notably, ECM composition may vary dramatically among
different organs and tissues. While ECM is physiologically
characterized by constant remodeling and by strong bilateral
interactions with normal cells, the presence of neoplastic
cells might result in aberrant disposition of its components
and ultimately disruption of its normal characteristics and
functions (13,14). Some of the proteins that can be found
in ECM are significantly associated with tumorigenesis and
include, among many others, collagen (its most frequently
found component), elastin, fibronectin, periostin, and
tenascin-C; these proteins are crucial for the development
of stroma in normal conditions and have a relevant role in
epithelial-to-mesenchymal transition, proliferation, and
migration of cancer cells.

Notably, some of these proteins appear to be particularly
worth of mention as potential biomarkers of clinical interest
in oncology. For example, a fibronectin isoform containing
a specific extra domain (ED-B) tends to accumulate around
newly formed blood vessels where physiologic or cancer-
related neoangiogenesis takes place, but not around mature
blood vessels; interestingly, it has been demonstrated that
the quantification of this specific isoform with a human
recombinant antibody in astrocytoma samples was able
to accurately discriminate between high-grade and low-
grade astrocytoma (15). Another ECM-affiliated protein,
periostin, is known to be a cell adhesion molecule and to play
a remarkable role in epithelial-to-mesenchymal transition;
this protein has been associated with outcomes in different
malignancies, including prostate and breast cancer (16).
Finally, tenascin-C is an adhesion modulatory molecule
found in ECM, which is highly expressed during normal
tissue repair and in many solid tumors; this protein has
been shown to be significantly associated with prognosis in
several solid tumors, including astrocytic tumors and breast
cancer (14,17-19). Notably, neoplastic cells are not only able
to increase the expression of tenascin-C, but also influence
its qualitative composition; indeed, while extracellular pH
appears to influence the alternative splicing of RNA encoding
for tenascin-C produced by normal fibroblasts, resulting
in different proportion of its isoforms, malignant cells do
not seem to be influenced by external pH and they mostly
produce the large isoform of this protein (20).
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Most recently, a team of researchers from Cambridge
focused on the study of ECM changes in lung cancer;
since cell culture models were not suitable for studying
the TME, they employed a specifically engineered mouse
model designed to reproduce the complexity of lung
adenocarcinoma within its microenvironment. In order
to evaluate the numerous extracellular components of the
TME, the researchers employed an approach based on
quantitative proteomics, which allows a comprehensive
characterization of the complex of ECM and its associated
proteins, collectively defined as “matrisome”. According
to this approach, after removing intracellular components,
the ECM-enriched samples underwent mass spectrometry
and the resulting spectra are then interpreted with
specific bioinformatics software. The researchers used
this technology to analyze primary lung cancer in their
mouse model and compare it with metastatic mediastinal
lymph nodes, lung fibrosis, and healthy lung tissue;
more specifically, mediastinal lymph node involvement
was considered as a sign of cancer progression at a more
advanced stage, while lung fibrosis (induced by bleomycin in
the mouse model) was chosen as it is a disease characterized
by excessive deposition of ECM, resulting in the disruption
of the normal extracellular structures of the lung. The mass
spectrometry analysis revealed a large number of peptides,
which were associated with 113 ECM-affiliated proteins.
Subsequently, an independent component analysis detected
three different ECM signatures, which were specifically
associated with fibrosis, primary tumors and metastases;
the signatures were then analyzed by using volcano plots in
order to highlight those ECM-affiliated proteins that were
present in different quantity across the different samples.
Tenascin-C and fibronectin were significantly increased in
fibrotic and neoplastic samples compared to healthy lung,
while three members of the S100 family (S100A6, SI00A10,
S100A11) were enriched in tumor samples, but not in
fibrotic lung, compared to healthy samples. Notably, only
few proteins were significantly different between neoplastic
and fibrotic samples and between primary tumors and lymph
node metastases. Subsequently, the researchers performed
immunohistochemistry (IHC) assessment of some identified
ECM-affiliated proteins in order to validate the mass
spectrometry findings, thus confirming increased expression
of S100A6, S100A10, and S100A11 in tumor samples
(including primary tumor and lymph nodal metastases), as
well as significantly increased expression of fibronectin and
tenascin-C in fibrotic and neoplastic lungs as compared to
normal lungs. Then, the researchers focused on tenascin-C
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on the hypothesis of a functional role of this protein in
the development of fibrosis and neoplastic progression.
Initially, they determined the gene expression of tenascin-C
in cell lines collected from non-metastatic lung tumors,
metastatic lung tumors, and metastases, observing that the
non-metastatic tumors had significantly lower expression
of the tenascin-C gene compared to more advanced tumors;
subsequently, they identified a correlation between the
progressive loss of activity of the oncosuppressor Nkx2-1
and increased tenascin-C expression in advanced tumors.
Additionally, when tenascin-C RNA-overexpressing cell
lines were inoculated in mice, it was observed that its
overexpression was associated with increased risk of
developing metastases, rather than influencing primary
tumor growth. In a subsequent step, the exploration of
the Cancer Genome Atlas (TCGA) lung adenocarcinoma
cohort revealed increased RNA expression of tenascin-C,
S100A46, and S100A411 in lung cancer compared to normal
lungs across the dataset and compared to matched normal
tissue from patients affected by lung cancer; furthermore,
high expression of tenascin-C, S100410 and S100411 RNAs
were associated with poor prognosis in lung cancer, thus
allowing to generate a three-gene prognostic signature that
appears to be specific for lung cancer (21).

The reported work is particularly remarkable due to its
approach, which took into account the vast complexity of
the ECM and the resulting difficulties in achieving robust
and meaningful findings. Indeed, the authors started by
performing a wide analysis of the mass spectra observed in
neoplastic and in healthy samples, and subsequently selected
the potential biomarkers for further analyses. The mass
spectrometry approach is able to screen a relevant number
of peptides even in a limited number of samples, and hence
potentially provide a huge amount of raw information;
notably, mass spectrometry has already been employed
in clinical studies designed to detect potential prognostic
or predictive signatures in patients affected by advanced
NSCLC, and this approach led to the identification of two
distinct signatures able to discriminate between patients
with good and poor outcomes while receiving chemotherapy
or targeted agents; notably, such signatures were detected
in plasma, which is often referred as another potential
source of biomarkers, considered promising due to its easy
accessibility (22,23). Mass spectrometry falls among those
approaches able to simultaneously study multiple targets
within a relatively limited amount of samples, which also
include, above others, next generation sequencing and tissue
microarrays (24). While these high-throughput techniques
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are generating an impressive amount of data, some
potential pitfalls of this approach should be addressed; this
is especially true when rich sources of potential biomarkers,
such as the ECM, are screened in this way, and the authors
of the reported study put a significant effort in this part of
their research. In first place, the non-negligible possibility
of identifying by chance statistically significant differences
needs to be ruled out; hence, selecting the most relevant
potential biomarkers and subsequently validating them
represent critical steps in the generation of robust results.
The first task is required to reduce the excessive amount of
generated raw data (e.g., genes identified with a microarray;
mass spectrometry ECM-peptide profiles) and limit the
following experiments to the actually relevant molecules.
Additionally, as the magnitude of the observed results might
still be overestimated (e.g., due to limited sample size),
data validation with different techniques or datasets, such
as additional samples or patients’ cohorts, is pivotal for
increasing the robustness of the findings. Another potential
issue lies in the demonstration of the mechanisms of cause-
effects underlying any observed predictive or prognostic
biomarker; while a passenger mutation or increased
protein expression identified as a biomarker may just be an
epiphenomenon correlated with response to treatment or
survival, a causal relationship has to be determined or ruled
out in order to increase basic and translational knowledge
and to define whether the candidate biomarker might be
a potential therapeutic target. Finally, the translational
relevance of any preclinical result needs solid confirmation
in the clinical setting, where other parameters with
acknowledged predictive or prognostic value have to be
taken into account.

In addition to the issues determined by the sheer
amount of ECM components and by the requirements for
generating robust data, we should not neglect that ECM
is intrinsically dynamic, constantly being remodeled on
the basis of paracrine signaling or even environmental
alterations [for example, the alternative splicing of
tenascin-C pre-mRNA can lead to a different composition of
protein isoforms, some of which are closely associated with
malignant transformation (25)]; furthermore, the possible
alterations of a specific ECM-affiliated protein with a
potential predictive/prognostic role might depend not only
on its own quantity, but also on its possible interactions
with other proteins of matrisome, which themselves might
be aberrantly expressed (13).

In summary, the complexity of the ECM in physiologic

conditions and its interactions with cancer cells translate
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into the requirement of sophisticated and comprehensive

studies in order to assess the translational role of its

components in carcinogenesis and as predictive or

prognostic factors. While the impressive amount of ECM-

affiliated proteins ecosystem poses a relevant challenge to

researchers, an increasing knowledge of the physiologic
ECM constituents and of how neoplastic cells modify ECM
might result in the definition of biomarkers of translational

relevance and eventually novel targets for antineoplastic

treatments.
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