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Abstract

The cancer secretome includes all proteins released by cancer cells and the
components of the tumor microenvironment. Dysregulation of secretome emerged
as a major contributor to cancer initiation and progression. Cancer cells and stromal
cells communicate through different secretory pathways and work together to
promote tumor growth. Understanding how this tumor-stroma crosstalk drives
cancer development and studying changes in the secretome can help identify new
biomarkers and therapeutic targets. Considering the challenges in diagnosing
several cancer types in the early stages and providing personalized treatment, it is
crucial to thoroughly study cancer processes and their key players to develop
effective biomarkers and targeted treatments.
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1. INTRODUCTION

Cancer refers to a large group of diseases where the body's cells undergo a
multi-stage process and acquire malignant features [1]. The high complexity of
genetic aberrations acquired by cells and the derived alterations on their
proliferation and homeostasis processes can render extremely difficult an early
diagnosis of the disease and the development of successful treatments [2].

Estimates of the World Health Organization (WHO)’s cancer agency show that
cancer is still a leading cause of death, with its worldwide burden predicted to rise
by approximately 50% in the next two decades [3,4].

In recent years, a significant increase in cancer research funding driven by the
public and private sectors has led to the progression of personalized medicine. This
approach aims at developing more targeted therapies, thus providing each patient
with the most appropriate treatment and dose, while taking into account the
heterogeneity of tumors [5-7].

These increasing efforts have resulted in significant improvements in the prognosis
of several tumor subtypes. However, a large number of new oncology drugs do not
prove meaningful clinical benefits or patients eventually develop resistance to these
therapies [5,8]. Identifying novel biomarkers which better predict patient response to
therapies is one of the essential actions to put into force [9]. Therefore, patient
stratification to predict response to treatment is a key element of personalized
medicine [7].

Early diagnosis of cancer through the detection of cancer-specific markers is also of
vital importance in reducing negative outcomes. However, most cancers are
detected in advanced stages when distant metastases compromise the efficacy of
treatments [10].

Biomarkers are indicators used to detect cancerous cells or predict response to
treatment [11]. The discovery and use of biomarkers are crucial for personalized
medicine because measuring indicators specific to each patient’s tumor can
improve early detection of the disease and the selection of clinically effective
treatments [8,11].

Secreted proteins are very promising biomarkers since they reflect the functionality
of the cells. The secretome entails all proteins released by a cell, tissue or organism,
which regulate normal physiological processes. In pathologic conditions, including
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cancer, the dysregulation of secretome plays an important role in most of the
hallmarks of cancer by contributing to cancer cell proliferation, survival, and
differentiation [12]. The secretome is an indicator of the state of the cells at different
stages of the disease and also reflects the various phases of pathological
conditions. The presence or absence of secreted proteins can be analyzed in
clinically relevant biological fluids of patients and can be advantageous for the
diagnosis, prognosis, and therapeutic monitoring of cancer [13].

Moreover, the term secretome refers to not only the proteins secreted by cancer
cells but also the complete set of proteins found in the tumor microenvironment
(TME) [14]. Today the concept of tumor as a stand-alone process is outdated by
evidence that proves how the interaction between tumor and stromal cells drives
cancer initiation and progression [15]. Tumor-stroma communication is largely
mediated by the secretion of growth factors, enzymes, cytokines, and chemokines
that, as cited above, compose the secretome [12].

Therefore, identifying cancer-specific factors secreted by the tumor and its
surrounding components can shed light on crucial tumorigenic processes and be
used as biomarkers to improve the success of oncology treatments [9]. This review
will discuss how the cancer secretome could serve as a pool of biomarkers and
therapeutic targets, and how important it is to consider the tumor microenvironment
in order to understand how cancer and stromal cells communicate and drive cancer
progression.

2. SECRETOME IN CANCER

2.1 Secretome

The term “secretome” was introduced in 2000 by Tjalsma et al. and defines all
proteins, including cytokines, growth factors, adhesion molecules, proteases, and
receptors, released by a cell, tissue, or organism through various secretory
pathways [14,16]. Secreted proteins act locally or systemically and are released in
the extracellular matrix (ECM) via classical and non-classical pathways.

When they are synthesized, proteins present a signal peptide at their N-terminus
which directs them to the Golgi apparatus in coat protein complex Il (COPII)-coated
vesicles. The proteins are then transported to the cell surface where they are
released in the microenvironment through the fusion of the Golgi-derived vesicles
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with the plasma membrane. This is the classical pathway by which proteins are
secreted [12].

Proteins can also be released in the extracellular space through a non-classical
pathway which consists of at least four different mechanisms [14]. These
non-classical exports are all ER/Golgi-independent and use vesicular or
non-vesicular transport mechanisms. In the vesicular mechanisms, proteins are
integrated into intracellular vesicles, which are endosomal compartments, that fuse
with the plasma membrane and release their content in the extracellular space. The
non-vesicular mechanisms use different types of transport, such as self-sustained
protein translocation, through plasma membranes and ABC transporter-mediated
secretion [12,14].

2.2 Secretome in cancer-related processes

The secretome is involved in several biological processes like cell signaling and
communication, and immune response. The secretome is largely involved in
cancer-related processes by promoting malignant cell survival and migration,
immune suppression, epithelial-mesenchymal transition (EMT), and angiogenesis
[12,14]. Through these processes, cancer secretome sustains the proliferation of
tumor cells from early phases of tumorigenesis, promotes tumor cell escape from
the immune system, and contributes to cell acquisition of a motile and
mesenchymal phenotype, which increases their ability to migrate and invade distant
organs [12,17].

Inflammation is strictly connected to carcinogenesis. Among the hallmarks of
cancer proposed by Hanahan and Weinberg in 2001, the evasion of immune
response and inflammatory environment are recognized as signatures connected
with inflammation [2,12]. The connection between inflammation and cancer involves
two pathways that activate various types of oncogene by mutation, promote
chromosomal rearrangement or amplification, and inactivate tumor-suppressor
genes. This leads to the activation of transcription factors, in particular nuclear
factor-kB (NF-kB), signal transducer and an activator of transcription 3 (STAT3), and
hypoxia-inducible factor 1a (HIF1a), which produce cytokines, chemokines,
cyclooxygenase-2 (COX-2) and prostaglandins. These secreted factors ultimately
promote cancer cell survival and proliferation by activating the same transcription
factors which increase the levels of inflammation and the development of a
cancer-related inflammatory microenvironment [18].
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Once activated, NF-kB regulates the activation of several inflammatory cytokines
which sustain cell growth and proliferation [19]. The inflamed TME is largely
populated by T cells, mast cells, and tumor-associated macrophages (TAMs) [12].
TAMs are differentiated macrophages that have a significant impact on tumor
progression. Together with other immune cells, TAMs secrete chemotactic,
tumor-promoting growth factors, and angiogenic factors that sustain the recruitment
of additional immune cells, cell migration, and remodelling of the tumor
microenvironment [20].

The remodeling of the ECM is also one of the crucial steps of cancer progression
which allows cancer cell movement. Matrix metalloproteinases (MMPs) are
proteases upregulated in tumor cells during matrix degradation and contribute to
creating passages through the ECM. Other factors such as ECM components,
epidermal growth factor (EGF), insulin-like growth-factor-1 (IGF1), and transforming
growth factor-beta (TGF-B) further induce cell proliferation and migration and are
secreted by cancer cells [21,22].

Secretory factors participate also in the EMT, which is the starting process of
metastasis through which cells switch from non-motile epithelial to motile
mesenchymal cells, assuming more malignant properties [23]. During EMT cancer
cells lose their cell-to-cell adhesions, pass through the tumor membrane, and enter
the bloodstream, thus invading distant organs. TGF-f is the main promoter of EMT
since it represses the production of epithelial markers, E-cadherin, and stimulates
N-cadherin, which is one of the principal markers of mesenchymal cells [19]. The
crosstalk between cancer cells and the TME plays an important role during EMT
because neoplastic cells secrete cytokines that induce fibroblast activation into
cancer associated fibroblasts (CAFs). Fibroblasts are the most abundant cells in the
tumor stroma and have key roles during cancer initiation and progression [24]. Upon
induction by the cancer cells, CAFs release MMPs, growth factors, and cytokines
including TGF-B, promoting proliferation, migration, invasion, and metastasis [12].

The tumor-stroma interaction drives also the remodelling of new vasculature, termed
angiogenesis, which ensures to cancer cells an adequate provision of oxygen,
nutrients and metabolic exchange essential for their survival and proliferation [2,21].
Hypoxia is a well-known regulator of angiogenesis since it induces cancer cells to
secrete vascular endothelial growth factor (VEGF) and other pro-angiogenic factors,
which lead to the generation of disorganized and chaotic vasculature [21].
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2.3 Detecting biomarkers in the secretome in biological fluids

Given its involvement in the principal processes of cancer initiation and progression,
the secretome has the valuable potential to be used to detect the presence of
cancer cells, disease monitoring, and patient selection. Measuring the expression of
specific proteins holds also the advantage of considering the TME since the cancer
secretome includes all factors secreted not only by cancer cells but also by
components of its microenvironment, such as ECM proteins, growth factors,
inflammatory cytokines, enzymes, microvesicles, and exosomes. Cancer arises due
to an accumulation of mutations, insertions, deletions, and chromosomal
translocations in the genome of the cells. Since the secretome also comprises
degraded protein products released by cancer-related mutated species, its analysis
can be particularly useful in diagnosis [10,12,25].

In clinical applications, cancer-specific proteins can be measured in small amounts
in biological fluids such as blood (plasma and serum), saliva, interstitial fluid, and
urine [12]. This makes their use as biomarker sources very advantageous because
their collection is non-invasive, low-risk, and less expensive than tissue biopsies.
Moreover, biofluids represent the tumor from a genomic, transcriptomic, and
proteomic point of view, and due to the simplicity of their collection, they can be
collected multiple times and reflect different stages of the disease [10,14].

Plasma and serum are the most commonly used biological fluids for clinical
diagnosis mainly because their closeness to all tissues makes their proteomic
signature highly representative of the molecules released by the tissues [12,26].
However, a disadvantage to consider in their use is the high range of protein
concentration that complicates the analysis of low abundant proteins, like cytokines,
that have more the potential of being cancer-specific markers [10,14].

In recent years, tumor interstitial fluid (TIF) has gained attention as a precious source
of biomarkers, considering its reduced complex matrix simultaneously free of
high-abundance interfering species and rich of cancer-related factors [10].
Meanwhile, the latest progress in proteomic analyses and bioinformatic tools are
promising steps for a more comprehensive and unbiased characterization of
secretome. Proteomics is widely used for the identification, measurement,
characterization, and analysis of proteins, while quantitative mass spectrometry
(MS)-based techniques are valid tools for discovering biomarkers [27].
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Their combination in Liquid Chromatography Mass Spectrometry (LC-MS)-based
proteomics is a valuable approach to analyze intracellular signaling pathways,
protein-protein interactions or to identify drug targets, and post translational
modifications (PTMs). With the use of LC-MS-based proteomics, we can quantify
thousands of low-abundant proteins involved in cancer-related processes, without
the need to select specific proteins in advance [27,28]. Considering its rapid
advancements together with bioinformatic tools, identifying potential biomarkers in
cancer secretome, for instance in TIF, will become more accessible and easier.
Currently, specific secreted factors including carcinoembryonic antigen (CEA),
prostate specific antigen (PSA), alpha-fetoprotein (AFP), CA 125, CA 15-3, and CA
19-9 are already used in clinical diagnosis [29]. Searching for biomarkers from
cancer secretome in liquid biopsy analysis shows potential in understanding the role
of secreted proteins in cancer, providing new diagnostic and prognostic biomarkers,
and potentially therapeutic targets [10,28].

3. TUMOR-STROMA INTERACTION

3.1 The tumor microenvironment (TME)

Studying the impact of the cancer secretome on cancer progression and identifying
potential biomarkers for cancer diagnosis and prognosis necessitates considering
the role of the tumor microenvironment (TME) and the communication between
tumor and stromal cells.

Today it is well recognized that cancer is not a stand-alone process that arises
uniquely due to the accumulation of mutations in cancer cells. In 1889, Paget et. Al
described the “seed and soil” hypothesis which proposed that tumor metastasis
was the result of interactions between tumor cells and their organ environment
[30,31]. Following studies elucidated that in tumorigenesis, cancer cells circumvent
anti-tumorigenic activities exerted by immune cells and other components of the
stroma and acquire the ability to corrupt their microenvironment into one with
tumor-promoting functions. In subsequent stages of tumor development, cancer
cells can metastasize and survive in distant organs only when they succeed in
creating an appropriate microenvironment that further sustains their proliferation
and invasion [30-32].

The TME comprises all cellular components of the tumor stroma that surround the
cancer cells, such as inflammatory cells, fibroblasts, endothelial cells, pericytes,
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lymphocytes, macrophages, but also ECM components and soluble factors [12].
The interaction between the TME and the cancer cells is mediated by the secretion
of factors, including growth factors, MMPs cytokines, and chemokines [30,31].

In this cross-talk, cancer cells recruit TME components, that after activation assume
malignant features and functions and in turn secrete factors that rule the crucial
phases of cancer initiation and development, including tumor cell proliferation,
migration, and invasion, ECM remodeling and degradation angiogenesis, immune
suppression, EMT and metastasis [20,24,33].

3.2 Cancer-associated fibroblasts

Fibroblasts are major components of the connective tissue and regulate its
synthesis. They are non-epithelial, non-vascular, and non-inflammatory cells with an
elongated structure and a spindle-shaped morphology [24,34]. Fibroblasts produce
ECM components (type |, type lll, and type V collagen, and fibronectin) and regulate
basement membranes by synthesizing type IV collagen and laminin. They also
express MMPs, thus regulating ECM degradation [35].

Fibroblasts are activated during tissue injury by growth factors such as TGF-3, EGF,
fibroblast growth factor 2 (FGF2), and platelet-derived growth factor (PDGF), which
are secreted from injured epithelial cells, monocytes and macrophages. The
activation of fibroblasts can also be mediated by direct cell-cell communication and
reactive oxygen species (ROS) [24].

When activated, fibroblasts play important functions during wound repair and start
to synthesize ECM components which contribute to scar formation and tissue
fibrosis. Activated fibroblasts are termed “myofibroblasts”, they express
a-smooth-muscle actin and acquire a contractile morphology and stress fibers,
together with proliferation and migration capabilities. Moreover, they release
cytokines, chemokines, growth factors, etc. through which they recruit immune cells
[24,36]. The activation of fibroblasts is also found in cancers. While during
non-cancerous conditions, fibroblast activation ceases once tissue integrity is
restored, cancer-associated fibroblasts (CAFs) maintain their activated status and
secrete an excess of cytokines and ECM components. This dysregulation of
physiological wound healing and chronicity of inflammatory responses are typical of
tissue fibrosis and scarring and led to the definition that tumors are “wounds that
never heal” [24,34].
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CAFs actively participate in tumor growth, angiogenesis, tissue invasion,
metastasis, immune response suppression, and anti-cancer therapy resistance [34].
By overexpressing ECM components, CAFs alter the composition and porosity of
the ECM. The increased ECM stiffness acts as a physical obstacle for immune cells,
but can also induce enhanced recruitment of monocytes and their differentiation to
macrophages having a tumor-supporting role [20]. CAFs are also essential for
cancer invasion since they express MMP2 and MMP9, able to degrade ECM
components (type IV collagen, and laminin), and MMP1 and MMP3, which promote
EMT by cleaving E-cadherin-mediated adhesions [24,35]. By secreting proteases
and exerting contractile forces, CAFs create gaps in the basement membrane,
which can be crossed by migrating cancer cells [37]. During EMT, CAFs also
activate HGF and Wnt2/B-catenin pathways, which promote the transition of cells
from endothelial to mesenchymal and motile.

HGF and TGF-B are factors predominantly secreted by CAFs. HGF promotes
collagen degradation in the matrix, thus supporting cancer cell migration and
invasion, while TGF-B is one of the main regulators of fibroblast activation and ECM
remodeling. In the initial phases of carcinogenesis, TGF-3 plays an antitumorigenic
role, whereas, with the advancement of cancer, it activates several signaling
pathways that promote EMT and sustain cancer cell proliferation and invasion
[24,38]. These are the Smad signaling, the phosphatidylinositol-3-kinase—-Akt
pathway, and the RHOA and p38 MAPK signaling [24]. CAFs can also induce
angiogenesis by secreting several growth factors, including VEGF, PDGF, and FGF2
[24].

CAFs have an immunosuppressive role during cancer since they recruit immune
cells and contribute to their differentiation into tumor-promoting immune cells.
Through the expression of inflammatory mediators (IL-6, IL-11, CXCL1, CXCL2),
CAFs limit T cell proliferation and activate myeloid cell recruitment and
differentiation to tumor associated macrophages (TAMSs).

The recruitment of myeloid cells by CAFs is linked to therapy resistance to
anti-programmed cell death protein 1 (PD)-1 immune checkpoint therapy [34].
Furthermore, the upregulation of immunosuppressive cytokine, growth factor, and
chemokines production creates an environment which shields the cells from
chemotherapeutic agents or suppresses their activity [39].
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3.3 The extracellular matrix (ECM)

The extracellular matrix (ECM) is a non-cellular structural component of the TME
made up of proteins synthesized and deposited outside the cell surface. This
network of proteins such as collagens, glycoproteins, and proteoglycans, provide
structural and functional integrity to connective tissues and organs [37,40]. The
ECM mediates cell-cell communication in the TME through the activation or
suppression of intracellular signaling pathways [41]. ECM components are ligands
for cell surface receptors, such as integrins, which are gatekeeper proteins
responsible for activating a signaling network that ultimately regulates cell
proliferation, differentiation, and migration [37,41,42]. The aberrant expression of
ECM components driven by CAFs leads to a dysregulation of these signaling
pathways and alterations in the ECM [41].

In cancers, the activation of intracellular signaling induced by integrins promotes
cancer cell invasion and metastasis through the RhoA/Rac signaling, stops growth
suppressors p15 and p21 and inhibits apoptosis via FAK signaling [43,44].

Integrins promote cancer cell migration and invasion also by activating TGF- 1,2
and 3, and PDGF which in turn stimulate the synthesis of collagen and fibronectin
and angiogenesis. ECM stiffness also induces angiogenesis by VEGF signaling
[40,45].

ECM components are also part of the secretome and their excessive secretion is
mainly regulated by CAFs. In tumorigenic alteration, fibrillar collagen is the principal
ECM component overexpressed, followed by fibronectin, tenascin C, and
hyaluronan. These proteins undergo post-translational modifications (PTMs) which
determine how the matrix interacts with other molecules and cellular receptors.
However, in the tumorous tissue, PTMs alter ECM architecture leading for instance
to the linearization of collagen fibers that appear linearised, perpendicularly
oriented, and support the migration of cancer cells [42].

3.4 Immune cells

Avoiding immune suppression is one of the hallmarks of cancer through which
cancer cells escape from immune surveillance and destruction. While the tumor
progresses, cancer cells acquire the ability to reprogram also the immune cells, in
the same way as they remodel other cells of the TME, such as CAFs [2,46]. The
immune cells of the TME with a tumor-promoting or a tumor-antagonizing role are T

10
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cells, B cells, macrophages, neutrophils, dendritic cells (DCs), eosinophils,
myeloid-derived suppressor cells (MDSCs), natural killer (NK) cells.

T cells belong to the adaptive immune system, but in cancer, they can have a dual
function. CD8+ T cells exert a cytotoxic activity towards cancer cells through
granzyme and perforin-mediated apoptosis or via FASL-FAS-mediated cell death.
However, in cancer, CD8+ T cells are exhausted or dysfunctional and unresponsive
to tumor-specific antigens [37,46,47]. Their cytotoxic activity is also suppressed by
IL-10, TGF- B, and IL-35 secreted by regulatory T cells (Tregs) [48].

CD4+ T cells have diverse subsets that exert different types of functions. The Th1
subtype of CD4+ T cells plays an anti-tumorigenic role since it promotes the
activation of CD8+ T and B cells and directly kills cancer cells through the secretion
of interferon y (IFNy) and tumor necrosis factor a (TNF-a).

The role of the Th2 subtype is less defined, but evidence shows it can help cancer
progression by secreting anti-inflammatory mediators. Tregs are a subset of CD4+ T
cells with an immunosuppressive function. In normal tissue, they regulate immune
tolerance and inflammation, but in the TME they inhibit effector lymphocytes,
including CD4+ T helper and CD8+ cytotoxic T cells [45,46,48].

Tregs exert their functions via the master transcription factor forkhead box protein
P3 (FOXP3), which is crucial for maintaining immune homeostasis, but in the cancer
context mediates anti-cancer immunity response [46,48].

The role of B cells in the TME is still under investigation. B cells can produce
anti-inflammatory and pro-angiogenic mediators, thus promoting tumor growth,
MDSCs recruitment, and angiogenesis. On the other side, they have an anti-tumor
activity via antibody-dependent cell cytotoxicity and complement activation [37,46].

Macrophages are differentiated from monocytes, which have key functions in
immune response regulation and can exert pro- or anti-inflammatory effects, thus
suppressing or supporting tumor progression. In the early phases of cancer
initiation, macrophages secrete proinflammatory factors that recruit other cells of
the immune system and exert antitumor functions. After this initial stage, cancer
cells become able to evade immune surveillance and induce immune cells like
macrophages to assume malignant features and functions [12,20,46]. This activation
of macrophages into tumor-associated macrophages (TAMs) is mediated by factors
secreted by cancer cells and the TME, namely the macrophage colony-stimulating
factor 1 (CSF-1) and other interleukins [12]. TAMSs sustain angiogenesis, metastasis,

11
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and escape from the immune response by secreting anti-inflammatory cytokines
and MMPs. Factors secreted by macrophages include the EGF, which mediates
neovascularization and modulates immune response and pro-angiogenic factors,
such as MMPs and VEGF, PDGF, FGF, and TGF-[3 [49].

These molecules contribute to the proliferation and migration of endothelial cells,
matrix remodeling, and the formation of new vessels, thus promoting cancer cell
migration and invasion [46,49].

Neutrophils represent the first immune defense and 50-70% of all circulating
leukocytes. In several solid tumors, neutrophils differentiate toward a
tumor-associated phenotype and have pro-tumorigenic functions by suppressing
the immune response and remodeling the ECM [37,50]. CAFs are the main
modulator of tumor-associated neutrophils (TANs) differentiation through the
secretion of CXCR2 and stromal cell-derived factor 1 alpha (SDF-1a). CAFs can also
suppress T cell activation mediated by TANs via the STAT3 signaling pathway [20].

DCs are antigen-presenting cells (APCs) involved in the initiation and regulation of
the adaptive immune system since they recognize antigens and present themto T
cells. By doing this, they could exert anti-tumor immunity functions [37,46].
However, in the tumor context, factors such as CCL2, CXCL1, CXCL5, and VEGF
are secreted by cancer and stromal cells and suppress their maturation [51].
Furthermore, cancer cells can also block DC activity by expressing the immune
check-point inhibitor PD-1 [52].

Eosinophils are involved in parasite infections and allergic diseases and in cancer
can have a dual functionality by interacting with NK and T cells. Also here, secreted
proteins play a crucial role. Eosinophils sustain NK cell migration and activation
through the secretion of CCL5, CXCL10, and IL-12. Eosinophils act as APCs, thus
promoting CD4+ T cell proliferation, and release cytokines, such as CCL5, CXCL9
and, CXCL10 which induce the recruitment and cytotoxic activities of CD8+ T cells.
Nevertheless, eosinophils also exert pro-tumorigenic activities by activating Treg
cells and suppressing T cell responses through Programmed cell death ligand-1
(PD-L1) [46,53].

MDSCs are immunosuppressive cells which inhibit T cells, NK cells, B cells, and
DCs immune activities. They secrete ROS, nitric oxide (NO), MMPs, like MMP9, and
anti-inflammatory cytokines and in the TME they lose their phagocytic activity.

12
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Therefore, they support cancer angiogenesis, invasion and immune tolerance
[46,54].

NK cells are cytotoxic cells part of the innate immune system. They identify and
eliminate stressed cells, including cancer cells, that do not express MHC class |
molecules by releasing perforin and granzymes which cause apoptosis [46].
Although NK cells antagonize cancer cells, as the tumor progresses the secretion of
TGF-B and other factors by CAFs impair NK functions [46,54]. CAFs also support
cancer cell escape from NK-mediate killing by secreting MMPs. MMPs reduce the
expression on tumor cells of MHC class | chain-related proteins A and B (MICA/B),
which are essential for NK cells in identifying malignant cells [55].
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Figure SEQ Figure \* ARABIC 1. The tumor microenvironment (TME): The TME comprises tumor
cells, stromal cells such as fibroblasts and immune cells which adopt tumor promoting phenotypes and
functions and support tumor growth. The interaction between tumor cells and the stroma primarily
occurs through the secretion of various cytokines, growth factors, and chemokines. These signaling
molecules play a pivotal role in crucial stages of cancer initiation and progression, including tumor cell
proliferation, migration, invasion, angiogenesis, extracellular matrix maodification, immune system
suppression, epithelial-mesenchymal transition, and metastasis.
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3.5 Clinical implications and future perspectives

Today, it is well recognized the importance of targeting cells of the tumor stroma to
restore the anticancer immune response, eliminate the tumor, and prevent
metastasis.

In contrast to conventional therapies, targeted cancer drugs are meant to attack
only cancer cells, by targeting specific cell-secreted factors, receptors, surface
antigens, or signal transduction pathways that control cancer cell cycle progression,
cell death, angiogenesis, and metastasis [56].

Antibodies that target specific angiogenic factors, such as Bevacizumab
(monoclonal antibody against VEGF), Cetuximab and Panitumumab (monoclonal
antibodies against EGFR), Trastuzumab and Pertuzumab (monoclonal antibodies
against HER2), have been approved against different type of cancers (breast, colon
and lung) during the years [25,57].

These treatments improve prognosis at most in combination with inhibitors of
tyrosine kinase receptors (TKRs), including erlotinib, sunitinib, and regorafenib, that
inhibit multiple receptors (PDGFR, VEGFR, or FGFR). One of the drawbacks of these
therapies is the activation of alternative pathways that lead to tumor relapse and
drug resistance, which further demonstrates the need to detect cancer-specific
biomarkers for patient selection and prognosis assessment [25,58].

One of the strategies to overcome tumor relapse is trying to target specific factors
involved in cancer-related processes. The results from preclinical and clinical trials
of these agents showed mixed results. Approaches that target IL-6, CCL2 or the
CCL2 receptor (CCR2) revealed antitumor efficacy in preclinical tests, but not in
clinical trials [25,55,59]. Better results were obtained with inhibitors of
SDF-1/CXCL12 and IL-8 antagonists, which showed good prognosis in clinical
trials. New therapies are also focusing on combining current therapies with agents
targeting specific factors involved in EMT in order to enhance tumor sensitivity or
targeting both the ECM and MMPs, with the aim of improving the correct diffusion
of drugs and blocking metastasis, respectively. However, there is still an urgent
need to deeply investigate the underlying mechanisms of the signaling pathways
involved in achieving success in the clinical translation. Meanwhile, the
heterogeneity of tumors is a crucial factor that determines the reason why not all
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patients benefit from the same treatments. This reinforces the need to find robust
biomarkers to select patients that will benefit from these treatments [21,25].

In recent years, therapies that target the immune system have become very
promising and prove to prolong the survival of patients [25,60]. These therapies
include immune checkpoint inhibitors, cytotoxic T lymphocyte-associated protein-4
(CTLA-4) antibodies, and chimeric antigen receptor T (CAR-T), cancer vaccines [61].
Evidence showed that immune checkpoint inhibitors are highly effective against
cancer. Their mechanism of action consists of blocking the two main immune
checkpoints, cytotoxic T lymphocyte antigen-4 (CTLA-4) and PD-1, which act as
negative regulators of T-cell activation. In recent years, immune checkpoint
inhibitors became the first-line treatment for an increasing number of cancers since
they proved to significantly improve the overall survival in metastatic diseases
[45,62].

However, the use of checkpoint inhibitors leads to a higher risk of severe
autoimmune complications and the occurrence of resistance [61].

CAR-T cells are another innovative approach where patient T cells are genetically
engineered to recognize and suppress targeted cancer cells. Combining immune
checkpoint inhibitors with CAR T cells holds promise to revolutionize cancer
immunotherapy because it guarantees the presence of immune cells and their
functional activity [63].

CAR-T cells able to secrete specific cytokines have also been developed. CAR-T
cells secreting IL-15 revealed decreased apoptosis and PD-1 expression, while
those secreting IL-19 decreased TAMs and T-reg cells [63]. The major limitations of
CAR-T cells are the immunosuppressive TME which impairs the persistence of
CAR-T cells and adverse events, such as cytokine release syndrome (CRS) and
neurotoxicity [61,63].

The use of secretome-targeting drugs in combination with immunotherapies has
shown to be beneficial for targeting various types of cancer since it can ensure a
synergistic effect. Targeted agents inhibit specific molecules that promote tumor
growth and progression and decrease tumor-associated immunosuppression, which
can be beneficial for immunotherapy to enhance cytotoxicity [64,65].

The combination of immune checkpoint inhibitors and specific secreted factors is
also under investigation in preclinical and clinical trials. These consist of the
administration of IL-12 and IL-15 (immuno-stimulatory cytokines able to activate NK
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cells), engineered MSCs to locally deliver IL-2 (a key cytokine for T cells) into the
TME, and the use of IL-2 variants engineered to enhance T cell profusion and
cytotoxicity [37].

In recent years, the number of new treatment options against different types of
cancer rapidly increased, thus providing a diverse range of targeted drugs and
immunotherapies that offer more personalized and successful therapeutic
approaches. As a consequence, the variety of combination therapies has
significantly expanded, demonstrating improved clinical outcomes and the ability to
overcome treatment resistance. Nevertheless, identifying biomarkers and selecting
the optimal combination strategies still needs further exploration [65].

4. CONCLUSIONS

This review illustrated how the tumor-stroma crosstalk regulates the principal tumor
hallmarks through the secretion of several growth factors, cytokines, ECM proteins,
enzymes, and extracellular vesicles, and that deeper investigations could help
elucidate how signaling pathways drive cancer initiation and progression.

Future studies must consider not only proteins secreted by tumor cells but also
those released by components of the TME and thoroughly explore the exchange of
signals between tumor cells and stromal cells. The secretome is a precious source
of cancer biomarkers that could revolutionize the development of diagnostic and
prognostic approaches, therapies, and the prediction of therapeutic responses.
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