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The biological functions of cell-to-cell connection over long distance--membrane
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Abstract: Cell-to-cell connections provide conduits for signal exchanges, and play important functional roles in physiological and
pathological processes of multicellular organisms. Membrane nanotubes are common long-distance connections between cells, not
only transfer molecule signals and mitochondria, but also cooperate with gap junction and other cell-to-cell communications to transfer
signals. During the last decade, there are many studies about membrane nanotubes, which focus on the similarities and differences
between membrane nanotubes and other cell-to-cell communications, as well as their biological functions. In the present review, we
summarized the latest findings about the structural diversity, the similarities and differences in signal transmission with other types of

cell-to-cell communications, and physiological and pathological roles of membrane nanotubes.
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Table 1. The comparisons of four kinds of cell-to-cell communication

Diameter (nm) Structure Cargo Regulatory mechanism Function
Membrane 20-500 Long thin Ion, protein, EGFR/PKB/PI3K/mTOR; Apoptosis, cell differentiation;
nanotube bridges between ~ RNA, p53; Rho GTPases; TNFaip2; cancer initiation and
distant cells that ~ mitochondria,  IRSp53; VASP etc. progression; immune response;

do not contact
the substratum
Plasma

Plasmodesma 60—100 Ton, protein,

membrane-lined  RNA,
pores between hormone,
plant cells virus

Gap junction 1.2 Transmembrane  lon, soluble
channels between second
adjacent cells messenger,
with 2-3 nm RNA,
intercellular space nucleotide,

amino acid,
glucose

Exosome 40-100 Vesicles Protein, lipid,
consisting of RNA
a lipid bilayer
membrane

virus, exosome

stem cell therapy; drug
resistance
Callose deposition Defense responses to pathogen

infection; plant growth

Chemical modulation; Cell growth, differentiation and

humoral modulation; death; hormone secretion;
protein phosphorylation wound healing; immune

response

Biogenesis: dependent or Cell migration; angiogenesis;

independent on the cell differentiation; cancer
endosomal sorting complex initiation and progression;
required for transport

(ESCRT); secretion: regulated

by Rab GTPases

immune response
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Fig. 1. The schematic representation of cargoes transported along four kinds of cell-to-cell communications. 4: Plant cells transfer

signals via plasmodesmata. B: Animal cells transfer signals via gap junctions, exosomes and membrane nanotubes.
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