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Abstract

The role of intercellular communication is increasingly recognized as being critical to tumoral 

invasion, metastasis, and development of resistance to therapy. The recent discovery of cellular 

protrusions – tumour microtubes – connecting cancer cells in gliomas, and tunneling nanotubes in 

several other forms of cancer, sheds light on a novel mechanism for molecular networking. 

Interrupting and disrupting vital lines of intercellular cross-talk via these membranous cellular 

tubes has strong potential as a novel form of cancer-directed therapy.
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Interactions within the tumor microenvironment and intratumoral heterogeneity play major 

roles in tumor evasion and chemotherapy resistance. Intercellular communication is a 

critical but underappreciated cellular mechanism of these processes [1]. For many years, 

there had been a major gap in knowledge regarding how cells communicate in the complex 

and dense heterogeneous tumor matrix in invasive and difficult-to-treat cancers. This gap 

has narrowed with recent discoveries of the function of nano-sized exosomes and 

microvesicles and their role in preparation of the distant tumor niche for cultivation of 

micrometastases [2]. Discovery of the function of exosomes has cast light on distant tumor 

cell and tumor-stromal interactions. This is especially critical considering the fact that 

stromal, non-malignant cells may comprise as much as 80–90% of a given tumor’s volume; 

in fact, higher proportion of stroma has been associated with a worse prognosis in multiple 

forms of invasive highly recurrent forms of malignancy. By logical extension, the malignant 

cells that compose 10–20% or more of the tumor may not be in close enough proximity to 

exchange cellular information via gap junctions, which are composed of transmembrane 

connexin proteins. Recognition of tumor-stromal cross-talk and its critical role in tumor 

development has led to calls for targeting these interactions therapeutically in many cancers, 

including glioblastomas [3].
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The gap in knowledge regarding this distant cell communication has narrowed even further 

with the recent report by Osswald et al. of intercellular networks formed by brain tumor 

cells to facilitate cellular invasion and communication in vivo [4]. In this elegant study, 

researchers made extensive use of intravital imaging with confocal microscopy to elucidate 

the structure, function and mechanism of long cellular protrusions coined “tumour 

microtubes.” These unique structures are cytoplasmic F-actin based extensions of astrocytes 

and oligodendroglioma cells that act as conduits for intercellular transfer of calcium signals, 

proteins, and – quite remarkably – even of nuclei. These extensions measured as much as 

500 μm in length and significantly more than 1 μm in width [4] (Figure 1, panel A). The 

study brings to the forefront the relatively new field of cellular protrusions as conduits for 

effective and highly efficient intercellular communication. As the authors correctly state, 

variants of these structures exist and have been referred to variably in the literature as 

tunneling nanotubes (TNTs), membrane nanotubes, cytonemes (in Drosophila models), and 

others [5–8]. A notable difference in the previously reported studies was width of the tubes – 

often significantly less than 1 μm whereas tumour microtubes in gliomas have notably larger 

width and are also longer. Many of the microtubes reported in brain tumors were as long as 

500 μm in length [4]. Most studies in this field had focused on function and characterizing 

nano-sized tubes (nanotubes) in non-cancerous cells. In recent years, more studies have 

examined their potential role in cancer pathophysiology, including demonstration, from our 

group and others, of nanotube connections in tumors from human patients and animal 

models [5,9], their ability to transfer mediators of drug resistance [6], and even to modulate 

the bone marrow tumor microenvironment [7].

Osswald et al. provide the first evidence of intercellular tube physiology as well as function 

in an in vivo tumor model, and further correlate their activity to established prognostic 

features of malignant brain tumors, including deletions of portions of chromosomes 1 and 19 

in oligodendrogliomas [4]. A relevant and translational approach taken by this group 

included examination of data gleaned from The Cancer Genome Atlas (TCGA) dataset 

(http://cancergenome.nih.gov/) to identify dysregulated cellular structures or components 

potentially relevant to cell invasion and motility and associated with poor prognosis in 

patients. This interrogation of existing datasets identified the role of connexin 43 in tumour 

microtube formation and activity, providing further evidence that elements of cell-cell 

communication are not mutually exclusive but rather quite complementary. This is in fact 

consistent with previous studies demonstrating synergistic effects of exosomes on tunneling 

nanotubes in cancer [10].

The concept of intercellular networks facilitating synchronization and reactive response for 

mediating resistance to radiotherapy – and also potentially to chemotherapy – is highly 

significant. This is especially true for difficult-to-treat cancers such as glioblastoma, a highly 

invasive brain cancer for which effective treatment remains a difficult puzzle to solve and 

prognosis generally remains poor. More recent studies have correlated connexin 

communication channels (e.g. connexin 43) with worse prognostic outcome, and negative 

association with efficacy of temozolomide, an alkylating agent in common use for treatment 

of high-grade gliomas. Identification of tumour microtubes in gliomas may provide a 

missing link to ‘connect the dots’, so to speak, between modes of cellular communication 
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among nearby and distant cells, both malignant and stromal. Otherwise stated, we should no 

longer look to examine gap junctions alone, or exosomes, or microtubes/nanotubes, as they 

may all interact seamlessly to facilitate progression of tumours. This is especially likely 

considering gap junctions have been found to be localized at the junction of some tunneling 

nanotubes connecting cells [8], as well as the fact that exosomes and microvesicles can take 

advantage of nanotube structures as highways for intercellular transport [10].

As cellular communication is vital to tumor formation, progression and recurrence, it is 

important to comprehensively characterize various mechanisms of interactions at the cellular 

level. If these interactions are critical to tumor ‘molecular networking’ and coordination of 

players in the tumor matrix, then disrupting or ‘cutting off’ lines of communication would 

represent an important and perhaps underdeveloped strategy for selective and more effective 

therapies. To provide just one clinical scenario, therapeutically treating these cells in the 

peri-operative setting in order to prevent microtube or nanotube formation presents a 

feasible and rational translational application of this work (Figure 2, panel B). Furthermore, 

if TNTs mediate intercellular transfer of chemoresistant factors and/or invasion, disrupting 

their formation and maintenance via pharmacologic or other methods would also represent a 

novel approach to treatment (Figure 3, panel C). The finding of microtubes/nanotubes is not 

limited to any specific cancer type – and in fact not just to cancer at all – but as evidence 

does support their upregulation in cancer, this opens doors to a new strategic approach for 

cancer therapy. Further studies will require more in-depth investigation regarding function 

and mechanism of these conduits, and determination of common versus variable properties 

between different cancers. The work by Osswald et al. is a major step forward in 

understanding how brain tumors communicate shared signals and form a functionally 

invasive unit. Even more broadly for the field of cellular oncology, this work also provides 

supportive evidence of intercellular tumour microtubes and nanotubes as a viable target for 

cancer therapy. Moving forward, we are at the intersection of cellular and molecular 

oncology with clinically relevant genomics and implicated prognostic factors. 

Pharmacologic approaches targeting these cellular structures should be considered a new 

strategic approach for rational design of future clinical trials in cancer.
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Figure 1. Schematic representations of tumour microtubes/tunneling nanotubes connecting 
cancer cells, and their potential roles in facilitating tumor cell communication, organization for 
recurrence and invasion, and also resistance to therapeutic modalities
A. Tumour microtubes and tunneling nanotubes are F-actin based cellular protrusions 

extending as much as several hundred microns to form direct connections between cells. 

These connections facilitate intercellular transport of cargo and signals such as calcium flux, 

proteins, and mitochondria.

B. Hypothetical representation of tumour microtube/tunneling nanotube formation following 

surgical resection of invasive malignancies. Intact tumors contain densely packed malignant 

cells in the context of stroma-filled tumor microenvironment. Surgical resection of tumor 

leaves behind malignant cells, especially in cancers like glioblastoma or pancreatic cancer 

and others with poor prognostic features identified on histopathology or by molecular 

stratification. Residual tumor cells form microtube or nanotube connections to facilitate 

synchronization and re-organization to re-form a functional unit that manifests as a recurrent 

malignant tumor.
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C. Tumour microtubes/tunneling nanotubes form long-range connections between distant 

malignant cells in the tumor matrix. Factors expressed as a form of molecular stress 

response to radiation or drug therapy may be propagated from cell-to-cell via these conduits 

to induce resistance via this novel form of intercellular transportation.
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