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EDITORIAL
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Role of cell-to-cell communication in cancer: New features,

insights, and directions

Abstract

The current special issue entitled “Role of tunneling nanotubes
(TNTSs) in carcinogenesis” was designed to discuss the role of
cell-to-cell communication, especially TNTs, in cancer patho-
genesis. In addition, we discuss the exploitation of TNTs as a
potential therapeutic target to prevent and reduce cancer inci-
dence. It is accepted that cell-to-cell communication is essen-
tial for the development of multicellular systems, and it is
coordinated by soluble factors, associated membrane proteins,
exosomes, gap junction channels, and TNTs. An old belief in
the cancer field is that cancer cells are “disconnected” from
healthy cells, resulting in loss of cell-to-cell communication
and neighbor control. However, recent data obtained from dif-
ferent kind of tumors indicate that TNTs and others forms of
communication (exosomes and localized cell-to-cell communi-
cation) are highly expressed and functional during tumor
development . In physiological conditions, TNTs are expressed
by few cells, and their main function is to coordinate long-dis-
tance signaling. However, upon carcinogenesis, TNTs prolifer-
ate and provide an alternative route of communication to
enable the transfer of several signaling molecules and organ-
elles to spread disease and toxicity. We propose that TNTs
and their cargo are an attractive therapeutic target to reduce
or prevent cancer development. All these unique aspects of
cell-to-cell diffusion and organelle sharing will be discussed

in this special issue.

1 | INTRODUCTION

As indicated by the National Cancer Institute (NCI) in 2018-2019, an
estimated 1.7 million new cases of cancer were diagnosed, and around
600 000 people will die from the disease in this period. The most com-
mon cancers in the US are breast, lung, bronchus, prostate, colon and
rectum, melanoma, bladder, pancreatic, and liver. Even though several
of these cancers have a good rate of cure and survival, some still have

a poor prognosis and limited treatment options—as is the case with

pancreatic/colon-rectal cancer and glioblastoma—despite increasing
surveillance  (https://www.cancer.gov/about-cancer/understanding/
statistics).

A simplistic summary of cancer development is that carcinogenesis
initiates as a result of the sustained proliferative stage; evasion of
growth suppressors; resistance to cell death becoming stem cell-like;
the promotion of angiogenesis; a metabolic shift and environment
adaptation; cell migration or metastasis; and the regulation of the
immune response to promote carcinogenesis. The overall mechanism
is extremely complex, but it is accepted that tumor initiation involves
genetic mutation, epigenetic changes, environmental factors, and
immune components. However, how do tumor cells survive immune
surveillance? How do tumors become heterogeneous? and how do
tumors adapt to treatments? All these questions are poorly under-
stood. We propose that TNTs play a key role in all these cancer-
related mechanisms, and some of these novel ideas will be discussed
in this special issue.

After tumor detection, several treatments have been developed to
combat it, including radiation, chemotherapeutics to prevent reliable
DNA replication, hypo-methylation agents, targeting signaling mole-
cules, and finally busting the immune system.™* However, the clinical
identification of tumors, classification, and selection of treatment is
still a major area of investigation. The latest advances in these areas
are discussed by Dr. Krishna Bhat (M.D. Anderson, Houston, Texas)
as he recently described.”®

In this special issue, we provide a collection of provocative articles
discussing the role of TNTs in the context of tumor-microenvironment
communication and promising potential therapeutic approaches. Drs.
Lou, Eugenin, Cox, and Osswald will discuss the potential therapeutic
approaches that could provide a high reward for treating some of
the aggressive cancers with low prognostic. Thus, the TNT field is
exciting and on the rise.

Cell-to-cell communication is essential for a healthy microenviron-
ment, as well as a tumorigenic one. For a long time, most research sup-
ported that tumor cells were isolated from the environment and that
this lack of cell-to-cell communication contributed to compromised tis-
sue homeostasis and promoted tumor development and growth. How-
ever, several new studies indicate that cell-to-cell communication was
essential in shaping the nature of the microenvironment to create the
tumor niche.””? Due to the complexity of the generation of the tumor
niche, we will focus on the role of TNTs in breast and glioblastoma
pathogenesis as well as new methods to use OMICs data to find novel
reduce or prevent the devastating

therapeutic targets to
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consequences of deadly cancers. Dr. Prideaux will discuss new

approaches using imaging mass spectrometry to examine the different
microenvironments or biomarkers of disease present within a tumor
and the tools available to understand cancer pathogenesis. Dr.
Valdebenito S. will focus on the heterogeneity of the tumor and the
potential role of TNTs in tumor development and treatment resistance.
Furthermore, Drs. Valdebenito J. and Medina will explain novel
approaches to using large databases to learn and identify new bio-
markers of disease including approaches to assess the role of TNTs

and its cargo in cancer pathogenesis.

2 | TUNNELING NANOTUBES (TNTs): A KEY
FORM OF CELL-TO-CELL COMMUNICATION
IN CANCER PATHOGENESIS

TNT's and gap junctions (GJ) are the only two communication systems
that allow a direct exchange of cytoplasmic factors between con-
nected cells. Both systems participate in critical biological processes,
including cell-to-cell coordination of development, signaling, and
immune response, but are also important in the pathogenesis of sev-
eral diseases, including HIV and cancer. In this special issue, we discuss
some of the similarities and distinct features of GJ and TNTSs in cancer
development. Recently, we have identified that some types of TNTs
have GJ and uHC at the tip of the process, suggesting that at least
two different types of TNTs exist: an open-ended type and a process
with GJ and uHC at the end of it. In the open-ended TNTs, lysosomes,
vesicles, and mitochrondria can be transferred between connected
cells to spread disease. Both of these process types will be discussed
in all the subsequent chapters especially in Dr. Osswald and Dr.
Geiger's chapters.

TNTs have only been described relatively recently (the early
2000s), maybe due to their small diameters and fragility upon fixation.
TNTs are long membrane extensions that allow the exchange of sev-
eral small molecules, vesicles, and mitochondria, as well as several
pathogenic components including bacteria, viruses, and pathogenic
proteins such as prions, and aggregated proteins such as tau or beta
amyeloid. They also allow the exchange of genetic and metabolic sig-
natures that promote carcinogenesis. TNTs are around 50 to 200 nm
in diameter and several um in length with no contact to the substrate.
Works of several laboratories demonstrated that TNTs are positive for
f-actin, myosin Va, and myosin X but are tubulin negative.'®** How-
ever, a specific biomarker for TNTs is still necessary to identify these
processes in vitro and in vivo. Some of the new potential TNTs bio-

markers are discussed in several of the chapters.

3 | TNT-LIKE STRUCTURES IN VIVO

Currently, most of the data available about TNTs were obtained
in vitro. However, whether these processes are present in vivo is still
under debate, mainly because the definition and particular markers
to identify TNTs is still under active investigation. In this special issue,

several new examples of in vivo communication will be discussed.

Currently, in vivo, several suggestive publications show TNT-like
structures in MHC class Il dendritic cells in the corneal stroma,®’
non-neural ectoderm cells in the midbrain,*¢ trophectoderm cells in
the neural crest,'” epiblast cells in the blastula,*® and the ectoderm.*’
Also, several groups have suggested that neuronal processes may be
similar to TNTs. However, we will exclude this possibility from this
review, because dendrites are a clear formation, transport, and stabil-
ity and lack many components of TNTs.

Probably one of the best examples of TNTs in vivo has been
described in flies. Only recently has the role of TNTs or cytoneme
been well described by several groups, indicating their critical role
of these processes in signaling and delivery of developmental pro-
teins such as DPP, fibroblast growth factor (FGF), Hedgehog, Wing-
less (in flies), Sonic Hedgehog (chick limbs), and wnt proteins (in
developing zebrafish) directly into sites of cell-to-cell contact without
dilution of these factors into the extracellular space.?°?> TNTs are a
changing paradigm in the area because it was assumed that most of
these proteins were released into extracellular space. Roy et al.
describe that DPP and FGF signaling is required for signal-producing
wing disc cells and that several of the genes activated by these
factors are required for TNT (cytoneme) or synapse formation.2428
It appears as though most of the evidence indicates that other
factors important in the development of flies are TNT-mediated, such
as fibroblast growth factor branchless,?’ Dpp,2>?” EGF, Hh,%! SHh,*°
and Notch.262831 Most of the factors are also present in humans.
Thus, it may be possible to extrapolate some of these data into
human development and disease. In this special issue, several exam-
ples will be discussed in several kinds of cancers.

Only recently by Dr. Osswald, using an animal model of glioblas-
toma, described TNT-like structures in vivo that has been associated
with brain colonization, growth, and severity of GBM disease. This
communication identified several potential mediators of TNT forma-
tion such as tweety-homolog 1 (Ttyh1) and GAP43 as key molecules
involved in TNT formation.®?3* However, the mechanisms of forma-
tion, stability, transport, and collapse of TNTs are unknown. New
experimental approaches to revealing the pathways are involved in
TNT biology, as discussed in the current special topic, using large data
bases, artificial intelligence (Al) and machine learning (see manuscript
byDrs. Valdebenito J. and Medina).

4 | ROLE OF TNTs IN CANCER
PATHOGENESIS

Most of the data involving TNTs or tumor microtubes (TMs) in GB are
generated in two laboratories, Dr. Osswald (University of Heidelberg,
Germany) and Dr. Lou (University of Minnesota, USA). Both groups
are contributing to this special issue. In breast cancer (Dr. Cox will
provide an overview of breast cancer and TNTs), TNTs are highly
functional and correlate with tumor aggressiveness.3> Also, our unpub-
lished data indicate that radiation and TMZ treatment induces the
formation of TNTs, maybe helping the tumor to have a better adaption

to treatment. This point is concerning as it involves a mechanism of
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tumor protection against treatment. Furthermore, the examination of
the transported materials between connected cells indicates that TNTs
are an efficient mechanism of transport for DNA repair enzymes. Thus,
it is essential to learn the consequences of TNTs in cancer progression
and also its resistance to treatment.

Overall, the field of TNTs is rapidly growing, and more laboratories
see them in vivo and in vitro. In addition, the role of TNTs is clearly
defined under pathological conditions, but the role of TNTs in devel-
opment and healthy conditions is unknown. This exciting topic has
resulted in several cutting-edge discoveries and publications enhanc-
ing the interest and impact of TNT in cancer and infectious diseases.
We thank all the contributors to this special issue as well as the

reviewers for their supportive and constructive comments.
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