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Abstract There are several mechanisms by which cells communicate with each
other. Evidence accumulates that the evolutionary oldest mechanisms of cell-cell
communication involves extracellular microvesicles (ExMVs). Generally, these cir-
cular membrane fragments enriched for mRNA, miRNA, proteins, and bioactive
lipids are released by exocytosis from endosomal compartment or are directly
formed by budding from cell surface membranes. ExXMVs from endosomal com-
partment called exosomes are smaller in size ~100 nM as compared to larger ones
released from cell membranes that are in size up to 1 pM. In this chapter we will
present an emerging link between ExXMVs and recently identified novel cell-cell
communication network involving a new type of cell known as telocyte. Mounting
evidence accumulates that telocytes mediate several of their biological effects in
several organs by releasing ExXMVs enriched in mRNA, miRNA, proteins, and sev-
eral biological mediators to the target cells.

3.1 Introduction

Cells communicate with each other and exchange biological information by employ-
ing different mechanisms [4, 14, 15, 17, 20-22]. The most important cell-cell com-
munication systems are based on (i) secreted growth factors, cytokines, chemokines,
and small molecular mediators (e.g., extracellular nucleotides, bioactive lipids,
ROS, and nitric oxide ions), (ii) cell to cell adhesion contacts mediated by sets of
specialized adhesion molecule-ligand interactions, (iii) exchanging information by
means of tunneling nanotubules, and (iv) what is a subject of this chapter by circular
membrane fragments called extracellular microvesicles (ExMVs), a mechanism
that for many years has been largely overlooked [4, 14, 20, 21, 23].

ExMVs are small circular membrane fragments secreted from the endosomal
compartment known as exosomes or shed from the cell surface by blebbing of cell
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surface membrane and play an important role in cell-cell communication [10, 20].
This intriguing ExXMV-mediated communication system emerged very early during
evolution and most likely served as a template for the further development of cell-
cell interaction mechanisms involving soluble bioactive mediators and fine-tuned
ligand-receptor interactions. ExXMVs as mediators of physiological cell-cell com-
munication are different from apoptotic bodies and other cell fragments that emerge
in conditions related to irreversible cell damage [4, 20]. Nevertheless, their overall
small size and similarity to cellular debris/fragments or apoptotic bodies is one of
the reasons that biological significance of ExXMVs for many years has been some-
how underappreciated.

However, recent augmenting evidence accumulates to show that these tiny mem-
brane fragments orchestrate several biological responses [4, 14, 15, 17, 20-23].
ExMVs contain numerous cell surface proteins and lipids similar to those present in
the membranes of the cells from which they originate [12, 19]. As demonstrated,
ExMVs may stimulate target cells directly by surface-expressed ligands acting as a
kind of “signaling device” [12, 19]. They may also transfer cell surface receptors
between various cells [16, 18]. These receptors after transfer may remain functional
and change a surface phenotype of the target cells [19]. Furthermore, since they engulf
some cytoplasm during membrane blebbing, they may also contain intracellular pro-
teins, mRNA, and miRNA, and as we have demonstrated, they are involved in hori-
zontal transfer of functional mRNA species between cells [5, 16, 18]. EXMVs are also
enriched in bioactive lipids (e.g., sphingosine-1-phosphate, ceramide-1-phosphate)
and extracellular signaling nucleotides (e.g., ATP, ADP, AMP, adenosine) that all may
induce biological responses of the target cells after exposure to ExXMVs [20, 21].

More importantly what is highly relevant for this chapter is that ExXMVs have been
recently implied to be involved in biological effects mediated by novel interstitial
(stromal) cell type known as telocytes [5—9]. These intriguing cells are present in dif-
ferent organs including, e.g., the heart, kidney, lung, esophagus, intestine, reproduc-
tive system, and skin [7, 10]. Telocytes are CD34*/PDGFa* cells and are characterized
by small cell bodies (9-15 pM) that give rise to extremely long one to five thin tubu-
lar processes as compared to cell body, called telopodes [7]. Electron microscopy
studies revealed that telopodes are up to 100 pM long yet 80—300 nm in diameter and
are not homogenous but consist of short dilatations known as podomes (250-300 nm)
and long thin tubes that connect podomes known as podomers (~80 nm) [7, 11]. The
overall size of telocyte can reach up to 1,000 pM [7, 11]. Enlarged fragments of telo-
podes — podomes — are abundant in mitochondria, endoplasmatic reticulum, and pla-
nar and invaginated surface membrane lipid rafts [5-9]. As it will be discussed in this
chapter, telocyte-derived EXMVs play an important role in several biological effects
of telocytes related to physiological adult body homeostasis and tissue/organ regen-
eration and may even be involved in some pathological processes [10].

Overall, telocytes represent an evolutionary conserved type of interstitial cells and
have been described in multiple species including fish, reptiles, birds, and mammals
[7]. Telocytes have been also reported to express some stem cell markers including
c-kit and Sca-1 (mouse) and even express the intranuclear stem cell pluripotency
marker Oct-4 [7, 22]. The telocyte markers, however, may vary between tissues and
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anatomical location of these cells in a given tissue [7]. This demonstrates somehow
some degree of existing heterogeneity among these cells that may be dictated and
epigenetically enforced by the microenvironment in which these cells reside.

3.2 The Mechanisms Involving ExXMV Release from the Cells

It is well documented that telocytes identified in many tissues secrete ExXMVs [2,
5-9]. However, an open question remains if telocyte-derived ExXMVs are released
into extracellular space as it occurs in all types of cells secreting these circular frag-
ments or in some cases telocytes as postulated may additionally form “bridging
nanostructures” to the target cells (e.g., stem cells residing in stem cell niches) as a
route for the transfer of exosomes [7, 22, 23]. This latter intriguing possibility has
been described, for example, during exosome delivery from telocytes to lung stem
cells [7, 22].

Nevertheless, the most common mechanism of ExXMV signaling and biological
cargo delivery to the cells is mediated by their release from cells by (i) exocytosis
from multivesicular bodies or (ii) by shedding from the cell surface membrane [2,
7]. The process of EXMV formation is energy consumption dependent, and it is still
not very well known from a mechanistic point of view, although some of the crucial
steps have been already identified [1, 3, 12, 13, 23].

The above mentioned endosomal cell membrane compartment-derived smaller
exosomes are released from cells during exocytosis often together with proteins
secreted from the Golgi apparatus. The first step in the creation of multivesicular bod-
ies enriched for intraluminal vesicles, which are precursors of exosomes, requires
involvement of the so-called endosomal sorting complex required for transport
(ESCRT) machinery [7]. After intraluminal vesicles are formed, in a next step, multi-
vesicular bodies may fuse with lysosomes, and their content becomes degraded or they
may fuse with plasma membrane to release intraluminal vesicles (exosomes) from the
cells into extracellular space [12, 13]. This process requires involvement of Rab
GTPases (e.g., Rab 27a, Rab 27b, and Rab 11) [13]. Exosomes were reported to
express some characteristic surface proteins including Alix, CD63, CD9, CDS8l,
HSP70, and TSG101 (ESCRT machinery) [1]. In contrast cell surface-derived larger
ExMVs are shed from the cell surface membrane by blebbing in response to cell stim-
ulation that leads to a cytosolic Ca’* increase that promotes changes in the structure of
cell membrane [10, 19]. Blebbing of cell membrane and formation of ExXMVs occur
mostly in cholesterol-enriched fragments of cell membrane known as lipid rafts [19].

The cell cytoplasmic membrane consists of a phospholipid bilayer with embed-
ded proteins that is held together via non-covalent interactions between the hydro-
phobic tails. Moreover, the cytoplasmic membrane has an asymmetric distribution
of phospholipids including aminophospholipids, phosphatidylserine, and phospha-
tidylethanolamine that as demonstrated are specifically sequestered in the inner
membrane leaflet [1, 3, 12, 13]. This transmembrane lipid distribution is under the
control of three phospholipidic pumps: (i) flippase, (ii) floppase, and (iii) lipid
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scramblase. The latter phospholipidic pump is responsible for nonspecific redistri-
bution of lipids across the cytoplasmic membrane [10].

It is known that the phospholipid molecules in the cell membrane are in a liquid
crystalline state and contain distinguished combinations of glycosphingolipids and
protein receptors organized into glycoprotein microdomains that are known in lit-
erature as membrane lipid rafts [19]. There are two described types of lipid rafts in
cell membranes: (i) planar lipid rafts and (ii) invaginated lipid rafts, called caveolae
[19]. Lipid rafts are cholesterol-enriched microdomains in the cell membrane, and
cholesterol can be envisioned as a kind of molecular glue that holds the components
of lipid rafts together and is important for their integrity [19]. It has been proposed
that the loss of phospholipid asymmetry of the cytoplasmic membrane, which leads
to phosphatidylserine exposure on cell surface, and a transient phospholipidic
imbalance between the externals, at the expense of the inner leaflet caused by lipid
scramblase, results in blebbing of the plasma membrane and ExMVs releasing from
the areas enriched in lipid rafts [1, 10, 19].

As described for several types of cells during the blebbing process of the cyto-
plasm membrane, a fragment of cytoplasm that contains mRNA, miRNA, proteins,
and even organelles (e.g., mitochondria) is encapsulated into ExXM Vs [11]. Evidence
accumulates that this process of enrichment for mRNA or miRNA species is not
random but somehow regulated by proteins involved in mRNA and miRNA storage,
transport, and processing [1, 10, 19].

Telocytes as a cell also producing ExXMVs are somehow unique. It has been
described that telocytes may secrete three types of ExMVs including not only classi-
cal (i) endosomal cell membrane compartment-derived exosomes (45 +8 nm) and (ii)
larger ExXMVs (ectosomes) corresponding to small EXMVs shed from the cell mem-
branes (128 +£28 nm) but also a novel type of EXM Vs (iii) described as multivesicular
cargo (1+0.4 uM) that are large ExXM Vs containing tightly packed endomembrane-
bound smaller vesicles (145+35 nm) [7]. This interesting new type of ExXMVs has
been described initially to be secreted by telocytes in myocardium and as postulated
involved in paracrine effects of these cells residing in a normal heart where they form
tridimensional structure connected with all the types of cells present in this organ
including cardiac stem cells and cardiomyocyte progenitors [2, 7].

It is known that ExMVs that originate from the blebbing of cell membrane
express several receptors present on the cell surface, and future studies are needed
to characterize these receptors on telocyte-derived ExXMVs. This will facilitate their
detection in the tissues as well as allow to assess if they can contribute to the pool
of circulating ExXM Vs in peripheral blood and lymph [14, 17].

3.3 The Physiological Effects of Telocyte-Derived ExXMVs

Mounting evidence accumulates that EXM Vs are mediators for several long-distance
paracrine functions of telocytes residing in adult organs. Telocytes may affect biol-
ogy of several cell types including differentiated somatic cells as well as tissue-
residing stem cells [7, 16—18]. As reported they are in contact with stem cell niches,
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blood capillaries, and nerve bundles as well as collagen and elastic fibers [7]. Thus,
telocytes most likely regulate blood rheology, muscle tonus, as well as their motoric
activity [5—11]. Further work is needed to elucidate how these interactions are regu-
lated via paracrine signals from telocytes including the release of EXMVs.

ExMV-mediated paracrine effects are based, as described for other types of cells
[16, 18], on direct stimulation of target cells by ExXMV-expressed signaling mole-
cules or horizontal transfer between cells of mRNA and proteins [5, 16]. However,
in contrast to telocytes themselves [7], telocyte-derived ExXMVs have not been char-
acterized yet for their content of mRNA and miRNA species or proteins.
Nevertheless, taking into consideration that telocytes express several miRNAs that
possess pro-angiopoietic potential (e.g., miR-126, miR-130, let-7e, miR-100), the
horizontal transfer of these miRNAs via ExXMVs to the target cells may promote
angiogenesis in the damaged tissues. A similar role has been also postulated for
ExMVs secreted by other types of cells [3, 16]. Moreover, a fact that telocytes play
a role in several organs in ameliorating oxidative stress and aging and stimulate
proliferation and inhibit apoptosis lends support for further studies to identify sec-
retome of telocytes along with molecular composition of ExXMVs that are involved
in all of these processes. Such studies could identify important factors involved in
keeping the homeostasis of adult tissues. We could envision that similarly for other
ExMV-producing cells [3, 21, 23], telocytes may augment ExMV secretion in
response to hypoxia, inflammation, and tissue/organ damage after stimulation by
some inflammatory cytokines as well as after exposure to activated components of
complement and coagulation cascades. Elucidation of these possibilities may better
explain involvement of telocytes in tissue/organ regeneration [7].

Similarly, since telocytes have been reported to play a role in immunosurveil-
lance and interact with cells being involved in innate and acquired immunity, further
studies are needed to show how much this interaction involves telocyte-ExM Vs and
vice versa if telocytes may respond to ExXMVs secreted by cells involved in immune
responses. We have to remember that ExXMV-directed crosstalk between cells is a
two-way street [24], and we have to consider that telocytes most likely also respond
to ExMVs secreted by surrounding cells.

In frame of the last possibility, it is tempting to hypothesize that telocytes could
be involved in the distribution and trafficking of ExXMVs secreted by other types of
cells and could deliver such “third-party” ExXM Vs to the target cells via telopodes and
the abovementioned “bridging nanostructures” [22]. Moreover, there is no doubt that
the development of pharmacological strategies to modulate the secretion of EXMVs
from telocytes may turn out to be an important means to enhance at the paracrine
level important influences of these cells in maintaining tissue homeostasis.

3.4 The Role of Telocyte-Derived ExMVs in Pathology

Telocytes may ameliorate several pathological processes. For example, since telo-
cyte numbers decrease in infarcted myocardium [7], the therapeutic injection of
exogenous telocytes to a damaged heart reduced infarct size and leads to improved
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heart function [7]. Based on this it is a possibility that telocyte-derived ExXMVs
could exert a very similar effect and replace treatment by intact telocytes. To sup-
port this latter notion, mesenchymal stem cell-derived ExMVs have been demon-
strated to have a similar biological therapeutic efficacy as intact cells [3]. On the
other hand, one can envision that telocyte-derived induced pluripotent stem cells
(iPSCs), as cells endowed with telocyte-characteristic epigenetic memory, could be
potentially employed as a source of therapeutic ExXMVs [20, 21]. Such ExXMVs
could also be employed in several other clinical situations where telocytes have
been demonstrated to play a positive therapeutic role, e.g., in lung pathology, liver
regeneration, ameliorating scleroderma, and improving the function of the digestive
and reproductive systems [7].

However, telocyte function is mostly related to their supportive role in organ
and tissue homeostasis; it has been recently reported that telocytes may be respon-
sible for the origin of some malignancies. Accordingly, telocytes may promote
proliferation of breast cancer cells and inhibit their apoptosis [22]. Obviously, in
this particular case the pro-proliferative effect of telocytes has been activated at
the wrong time and the wrong place. How much this effect depends on ExMVs
and how valid this effect is in other types of malignancies require further
studies.

3.5 Conclusions and Future Directions

Evidence has accumulated that paracrine effects of telocytes in adult tissues largely
depend on secretion of ExXMVs. In this respect telocytes are somehow unique cells
since, in addition to classical exosomes and cytoplasmic cell membrane-derived
ExMVs, they also secrete large EXMV characteristic for telocytes known as multi-
cellular cargo vesicles [7].

Further studies are necessary to identify employing mRNA and miRNA arrays,
proteomics, and lipidomic analysis molecular “cargo” present in telocyte-derived
ExMVs as well as to elucidate and understand mechanisms that promote their
secretion. Taking into consideration an important role telocytes play in organ and
tissue homeostasis development of pharmacological strategies to modulate/
enhance secretion of ExXMVs, these cells may lead to better treatment strategies in
all these situations where telocytes have been demonstrated to be of benefit. Finally,
it is tempting to postulate the established telocyte-derived induced pluripotent stem
cells (iPSC) that could be employed as ExXMV-producing cell lines [20, 21]. Such
iPSC immortalized cell lines would be endowed with telocyte-epigenetic memory,
and ExMVs harvested from these cells could be employed for therapeutic pur-
poses. All these intriguing possibilities are depicted in Fig. 3.1. We may expect that
the next few years will provide us with more information about the paracrine
effects of telocytes in regulating body homeostasis and will also lead to the devel-
opment of therapeutic strategies to employ these cells or telocyte-based ExXMVs in
the clinic.
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Fig. 3.1 Future potential strategies of telocyte-derived ExXMVs in modulating bioactive function
of telocytes. Panel (a): Telocytes secrete among paracrine factors circular membrane fragments
known as ExXMVs. Panel (b): Development of pharmacological strategies to augment secretion of
ExMVs from telocytes may enhance involvement of these cells in maintaining tissue/organ homeo-
stasis. Panel (c): Telocyte-derived induced pluripotent stem cells (iPSCs) endowed with telocyte-
epigenetic memory could be a source of therapeutic ExXMVs employed in situations where
beneficial effects of telocytes have been demonstrated (e.g., impaired function of myocardium

after heart infarct)
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