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Abstract: This review aims to offer a vision of the clinical reality of cell therapy today in intensive medicine. For this, it has

been carried out a description of the properties, functions, and Mesenchymal Stem Cells (MSCS) sources to subsequently

address the evidence in preclinical models and studies clinical trials with whole cells and models attributed to small

extracellular vesicles (sEVs), nanoparticles made up of microvesicles secreted by cells with an effect on the

extracellular matrix, and their impact as an alternative towards cell-free regenerative medicine. MSCs are cells that

enhance the regenerative capacity which can be differentiated typically in different lineages committed as bone,

cartilage, and adipose tissue. On the other hand, small extracellular vesicles are structures that participate notoriously

and crucially in intercellular communication, which has led to a change in the concept of the functions and the role

that these vesicles play in living organisms, in the restoration of damaged tissues and the inflammatory response and

immunological. We present the mechanisms that are involved in the applications of MSCS as whole cells and their

sEVs in cell therapy and cell-free therapy as an alternative in regenerative medicine. Considering the structural loss

that occurs after surgical procedures for cystic and tumoral pathology in periodontitis, as well as the maxillary

atrophy that determines the rehabilitation with dental implants, it is imperative to find satisfactory solutions. The

opportunity provided by the findings in stem cells is a recent introduction in the field of oral surgery, based on the

regenerative potential that these cells possess to restore defects at different levels of the oral cavity. This review aims

to discover the real applications that stem cells may have in our treatments shortly.

Introduction

Cell therapy and regenerative medicine have generated a
great research boom thanks to new knowledge about stem
cells and their potential outlining them as one of the
disciplines, more promising companies in the biomedical
field, to achieve each of the advances in need of an
integration multidisciplinary different specialties such as
cell biology, hematology, immunology, biology molecular,
tissue engineering, transplantology, clinical research and
regenerative medicine (Colter et al., 2000).

The stem cells (SC) are the natural units from which all cell
types of the body (Alvarez et al., 2012) They can be indefinitely
divided into suitable conditions and differentiate one or different

types of cells not only morphologically if not also by the
functional way they can also be classified according to their
potential differentiation and stage of development:

1. Totipotential SC, produce the tissues of the body and the
embryonic valve; 2. Pluripotential SC, capable of differentiating to
the 3 lines germ (endoderm, mesoderm, and ectoderm), but not
originatingmembrane cells additional embryonic. Multi-potential
SC capable of producing a limited number of differentiated cell
lines according to your location. Unipotent SCs originate
from specific cell types (Angelos and Kaufman, 2015). The
problem with those cells is the possibility of teratoma formation
or tumorigenesis processes, so their uses are limited in addition
to many ethical and legal aspects. However, there is an
alternative using non-embryonic or adult stem cells that can be
obtained from organs and body fluids (Dominici et al., 2006;
Pittenger et al., 1999).

Mesenchymal Stem Cells (MSCS) are found in different
tissues and organs, and they can proliferate and differentiate
into many kinds of cell types. MSCS has been extensively
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studied in all fields of medicine due to two fundamental
characteristics that possess the high proliferation rate and
clonal regeneration by split symmetrical (self-renewal) and its
high degree of potential to differentiate into different cell
types through asymmetric divisions (differentiation). Various
studies have generated a great amount of information about
your biology and possible applications (Burrello et al., 2016).
The hopes of improving quality of life for human and animal
patients advances as technology advances and research,
therefore different innovative proposals have emerged within
these therapies and treatments with the use of stem cells
directing their focus mostly on diseases chronic and
degenerative based on immunomodulation and tissue repair
(Friedenstein et al., 1976).

MSCS were isolated by Friedestein in 1968 from the bone
marrow (MO) of mice and guinea pigs. They were initially
described as adherent unit-generating cells that growth around
themselves to form fibroblast colony-forming, The stromal cell
precursors have been identified in bone marrow from a
variety of species, including humans, by their ability to
generate from single-cell suspensions of bone marrow colonies
of fibroblast-like cells originating from single clonogenic
progenitors termed fibroblast colonyforming cells (CFU-F),
constitutive of the medullary stroma, and whose function was
to maintain the hematopoietic microenvironment. Later
studies demonstrated the ability proliferation of CFU-Fs, their
ability to self-renew, and their potential to originate
adipocytes, chondrocytes, and osteoblasts. This ability to
originate cells belonging to mesenchymal tissues suggested the
existence of a stem cell present in the OM, which was called
years later as MSC (Horwitz et al., 2005). The assay consisted
of placing the bone marrow in culture dishes and the non-
adherent cells were removed after 4 hours, thus discarding
most of the hematopoietic cells. They reported that the
adherent cells were heterogeneous, but the most strongly
adherent cells were fusiform in shape and formed colony
units, which remained inactive for 4 days and then began
to multiply quickly. After passing several times in culture,
the adherent cells became more fibroblastic in appearance
(Bab et al., 1986).

These cells are easily isolated and expanded in vitro. They
are multipotential, differentiating themselves towards
adipocytes, osteoblasts, chondrocytes, tenocytes, myocytes,
hematopoietic stroma, and fibroblasts. They have the plasticity
to differentiate themselves ex vivo to non-mesodermal tissues,
such as neurons, astrocytes, oligodendrocytes, pneumocytes,
and hepatocytes. The International Society for Cell Therapy
(ISCT) has suggested minimum criteria for define MSC:
a) adherence to low plastic standard growing conditions;
b) expression of surface markers like CD105, CD90, CD73 and
absence of markers, especially hematopoietic, including CD45,
CD34, CD14, and CD11b; c) in-vitro differentiation capacity
towards the other lineages of mesodermal origin (adipocytes,
chondrocytes, osteoblasts) or if it is necessary to prove their
plasticity (neuronal or endothelial differentiation) (Haynesworth
et al., 1992, Castro-Malaspina et al., 1980).

Different stem cells sources have been proposed for their
potential therapeutic application.

- Embryonic stem cells: Cells obtained from the internal
cell mass of unused embryos. They are pluripotent cells

that have a unique combination of histocompatibility genes,
inherited from sperm and the ovum, so they would be
rejected in a histoincompatible allogeneic transplant
(Golchin et al., 2020).

- VSEL cells (Very Small Embryonic-Like stem cells):
they are a population of embryonic cells with pluripotent
characteristics that derive from germ cells and can be
isolated from adult tissue. This cells, express embryonic
markers, are deposited in the developing organs during
embryogenesis and play a role as a support population
for the stem cells committed to a certain tissue
(Lukomska et al., 2019).

Nowadays, some research groups turn to use non-
embryonic stem cells, known as Induced Pluripotent Stem
Cells (iPSC), those cells are derived from adult cells by
transfer (transfection) of various exogenous genes associated
with SC cells. Generally, for efficient transfer, retroviruses
have been used that act as vehicles or vectors of exogenous
genes. The exogenous genes transferred are mainly those
corresponding to transcription factors (gene transcription)
associated with embryonic cells. After 3–4 weeks, a small
percentage of the transferred cells begin to differentiate,
becoming morphologically and biochemically like SC cells.
IPS cells or reprogrammed adult cells are isolated by
selection for an antibiotic resistance gene and by
confirmation of its identity (Nakahara et al., 1991).

Shinya Yamanaka’s team at the University of Kyoto
(Japan) in 2006, was the first to generate iPS cells. To do
this, they used mouse fibroblasts as target cells, as
exogenous genes, previously identified as expressed in ES
cells, and retroviruses as vehicles or vectors. Four genes
encoding transcription factors were essential to producing
iPS cells: the so-called Oct-3/4, Sox2, c-Myc, and Klf4
(Kumar et al., 2019). From the cells treated with retrovirus
encoding said genes, those that expressed them with
antibiotics and by the presence of the Fbx15 gene (Fbx15 +
cells) were selected. However, these iPS cells had different
DNA methylation patterns from ES cells and did not
produce viable chimeric mice (Pittenger et al., 1999).

Regenerative medicine based on cell therapy with the use of
MSCS has become a recurring subject of research and clinical
trials in humans on an international scale in recent years. This
therapy presents therapeutic options that range from the
implantation of the whole tissue as in bone marrow
transplantation or the injection of isolated or mixed autologous
cells (Keshtkar et al., 2018). However, the MSCS in
regenerative medicine is complemented with the effects of their
paracrine factors emitted by them with anti-inflammatory
properties, immunological reprogramming, and activation of
regenerative pathways by various mechanisms due to small
molecules, such as growth factors, cytokines, and chemokines,
which are secreted by very low concentrations in the cellular
environment and that contribute to the therapeutic effect
(Horwitz et al., 1999).

It is currently recognized that in addition to soluble
elements, these cells also release extracellular vesicles (EVs)
that comprise a group of highly heterogeneous structures
both in size and shape, as well as in their content and the
functions they perform (Han et al., 2019). The paracrine
hypothesis was inspired to replace the MSCs with the EVs
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isolated from the extracellular medium and apply them
(Chen et al., 2016).

Generally, three main types of EVs are distinguished
according to their diameter and functions: apoptotic bodies
(1–5 μm), microvesicles (MVs) (100 nm–1 μm) and small
extracellular vesicles (sEVs) (30–100 nm), with biological
activity like the cells; They are distinguished from the
previous structures by their morphology and size. sEVs are
nanoparticles made up of microvesicles secreted by cells with
an effect on the extracellular matrix. In multiple publications
it is stated that they constitute key elements in intercellular
communication and the modulation of cellular immunity
with therapeutic effects; this has been a revolutionary advance
for regenerative medicine by achieving encouraging results
without the direct application of the cells that generate them
(Sarker et al., 2014).

MSC characterization and multipotentiality
MSCS are currently the most studied stem cells in medicine,
due to its ease of obtaining by minimally invasive procedures
and for its therapeutic potential and all components that
make them optimal for regenerative and tissue medicine
(Duscher et al., 2016). MSCS has a low rate of growth in vivo
but have high regeneration and differentiating capacity into
various cell types, thus managing to replace cells that are lost
due to disease or lesions in vitro and are characterized by
their adherence and morphology of fibroblasts (Heil et al.,
2004). As well, they generate acceleration in the processes of
scarring due to the positive effects that they bring in each of
the phases of the said process (inflammatory, proliferative,
and remodeling) creating an increase in epithelial migration,
angiogenesis, and cure rate (Hooper et al., 2012).

The most used sources for isolation of MSCs are bone
marrow tissue, adipose, and periosteum, although obtained
from peripheral blood, muscle, periodontal ligament,
articular cartilage, etc. Currently, different studies show that
we could use extraembryonic like membrane amniotic,
extravascular cord matrix, umbilical blood, and umbilical
cord blood since from these sources it is possible to collect
at delivery with a noninvasive technique (Ibrahim et al., 2014).

Morphologically, MSCS is characterized by having a
spindle-shaped, spindle-shaped morphology with the
presence of an elongated, central nucleus that contains two
to three nucleoli. Although some authors have reported that

cell layers contain cells that are homogeneous in their
morphology, there is more evidence that these layers are
heterogeneous and contain cells that are morphologically and
functionally distinct. Since the first studies by Ashton et al.
(1980), it was observed that the mesenchymal cell progenitor
colonies contained various types of cells. Those authors
described colonies containing spindle fibroblast cells, which
formed compact colonies and open colonies; another type of
cells, which they called the epithelial type, were smaller cells,
with nuclei more intensely stained and morphologically like
epithelial cells. The research published by Mets and Verdonk
emphasized the presence of two cell types, one called Type I,
in which the cells were small and spindle-shaped, and
Type II, which were larger, flattened and that proliferated
slowly as shown in Fig. 1 (Lai et al., 2015).

Studies by Prockop et al. showed in flow cytometric
studies, three subpopulations, one of the small, spindle, and
agranular cells, which they named RS-1; another one with
small and granular cells, called RS-2; and the last one made
up of larger and granular cells which they called mature
mesenchymal cells or mMSC. Those authors postulated that
RS-1 cells correspond to MSC progeny, with a high
proliferation index, which gives rise to RS-2 cells and the
latter to mMSCs. However, so far this is only a hypothesis,
and it is necessary to carry out functional studies to
corroborate it. Most of the cells were spiky with fibroblast
morphology, and a smaller proportion of cells in the
culture had a larger size and rhomboid morphology.
(Ashton et al., 1980).

The ISCT defines that MSCS could express different
surface markers, expressing CD105 (SH2), CD73 (SH3/4),
CD44 (H-CAM), CD90 (Thy-1), CD71, and Stro-1, as well as
adhesion molecules CD106 (vascular cell adhesion molecule
[VCAM]-1), CD166 (Leukocyte cell adhesion molecule
activator [ALCAM]) (Flores-Figueroa et al., 2005; Prockop
et al., 2001; Colter et al., 2000; Campagnoli et al., 2001;
In’tAnker et al., 2003; Nakahara et al., 1991; Pittenger et al.,
1999; Trounson and McDonald, 2015; Bieback and
Brinkmann, 2010). And MSCS should not express the group
of hematopoietic stem markers CD45, CD34, CD14 or CD11
and HLA-DR (positives for Hematopoietic Stem Cells)
(Flores-Figueroa et al., 2005). MSCS also do not express
costimulatory molecules CD80, CD86, or CD40 or adhesion
molecules CD31 (adhesion of platelet/endothelial cells)

FIGURE 1. Mesenchymal stem cell morphology at different days, A) 2 days culture, B) 8 days culture, C) 15 days culture. Scale bar
600 µm (400×).
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molecule [PECAM]-1), CD18 (antigen associated with
leukocyte function) CD56 (cell adhesion molecule) neuronal-1.

There are also variable expressions of many of the
markers due to variation in the tissue source, methods of
isolation and culture, as well as species differences (Mets
and Verdonk, 1981; Zuk et al., 2002). For example, human
adipose tissue is a source of MSCS that, like cells obtained
from bone, can differentiate into several mesenchymal
lineages in vitro. However, there are some differences in the
expression of markers: CD49d is expressed in cells from
adipose tissue, but not in those from the bone. CD106 in
bone marrow MSCS has been functionally associated with
hematopoiesis, so the lack of expression of CD106 in
adipose tissue cells is consistent with the location of these
cells in a non-hematopoietic tissue (Trounson and
McDonald, 2015). Some groups have created new MSCs
specific antibodies that do not recognize other cell types.
One of them is STRO-1.

In 1991 was obtained a murine monoclonal antibody by
fusion between a murine myeloma cell line and spleen cells of
BALB/c mice immunized with a population of CD34+ cells
from bone marrow but this antibody could recognize
erythroid cells and is not expressed in all MSCs.

The group generated several mice immunized hybridoma
cell lines with human mesenchymal cells expanded in vitro
(Yukawa and Baba, 2017). They obtained three hybridoma cell
lines called SH2, SH3, and SH4. These lines secreted antibodies
that recognized the antigens on the MSCs surface and did not
react with hematopoietic cells or with differentiated cells in
bone or cartilage. The SH2 antibody recognizes CD105 and
reacted with bone marrow mesenchymal cells, but not with
expanded periosteum cells. SH3 and SH4 recognize the antigen
CD73. These three antibodies contribute to the MSCs
characterization (Kern et al., 2006).

MSCs are positive for extracellular matrix receptors and
various growth factors, such as interleukin 1, 3, 4, 6, and 7
receptors, platelet-derived growth factor receptor (PDGF-R),
factor receptor neuronal growth (NGF-R), transforming
growth factor-beta 1 and 2 receptors (TGFβR1 and
TGFβR2), tumor necrosis factor 1 and 2 receptors (TNFR1
and TNFR2), interferon-gamma receptor (IFNγ), and
transferrin, as well as for adhesion molecules, ICAM-1,
ICAM-2, VCAM-1, L-selectin, LFA-3, ALCAM, CD105 and
CD72, and a variety of integrins (αl, α2, α3, α5, α6, αv, β1,
β3, and β4). On the other hand, these cells are negative to
the following cytochemical reactions: alkaline phosphatase
and acid phosphatase. (Horwitz et al., 1999; Piersma et al.,
1983; Trounson and McDonald, 2015; Ashton et al., 1980).

The binding transcription factor 4 (Oct4) is present in
ESCs and MSCs. The expression of Oct4 and Nanog has
been determined in tumor cells, that is the reason because
they confirm the high proliferative capacity and viability
for prolonged periods in cells. In mammalian cells, the
multipotentiality goes under the control of the gene’s
transcription factors Oct4, Nanog, Sox2, and Fox3; the
expression of these genes in MSCs is controversial because
they are markers of ESCs, their expression is modified
when the cell is committed to a specific lineage initiating
the expression of other genes (Jeter et al., 2009;
Kong et al., 2010).

The MSCS multipotential capacity began to be
demonstrated in vivo in 1976. In these works, we showed
that MSCs cultured in vitro and transplanted in mice,
produce fibroblasts and osteoblasts. Another work done by
Gowen et al. (2020) consisted of culturing rabbit bone
marrow cells and transplanting them in vivo. This work
demonstrates MSCs can produce connective tissue and
chondrocytes. Those cells were negative for Alkaline
Phosphatase (AP) and von Kossa staining. These authors
demonstrated the MSCS’s ability to originate osteoblastic,
cartilaginous, and fibroblastic cells. The next work consists
of culturing and transplanting human mesenchymal stem
cells in nude mice to obtain bone formation. Then, a single
MSC colony demonstrated the in vitro osteogenic potential
capacity to differentiate into fat cells, osteoblasts, and
chondrocytes. From these experiments, made from isolated
MSCs colonies, the researchers have shown that the
differentiation of the cells depends on their environment
and that not all of them have the same differentiation
potential that is something remarkable (Ryan et al., 2005;
Mauney et al., 2005; Nakahara et al., 1991; Colter et al.,
2000; Horwitz et al., 1999).

MSC sources
MSCs can be obtained from bone marrow, bone, trabecular,
adipose tissue, synovial membrane, amniotic fluid, placenta,
umbilical cord blood, dental pulp, skeletal and cardiac
muscle, liver, spleen, pancreas, periosteum, dermis, lung,
menstrual blood, peripheral blood, and periodontal ligament
(Fig. 2) (Mets and Verdonk, 1981; Flores-Figueroa et al.,
2005; Prockop et al., 2001; Lakshmipathy and Verfaille,
2005; Campagnoli et al., 2001). The main sources are bone
marrow, adipose tissue, and umbilical cord blood
(Friedenstein et al., 1976; In’tAnker et al., 2003). Once
MSCs are isolated by plastic adhesion and cultured in vitro,
they can differentiate into different mesodermal lineages
such as osteocytes, chondrocytes, adipocytes, myoblasts, and
cardiomyocytes (Lane et al., 2005; Nakahara et al., 1991;
Zuk et al., 2002; Gálvez et al., 2011), or they can
differentiate into endodermal cells like hepatocytes,
pancreatic cells and ectodermal cells like astrocytes and
neurons (Trounson and McDonald, 2015; Bieback and
Brinkmann, 2010; Zomer et al., 2015).

MSCS from Bone Marrow

They were first described in 1970 and isolated in the dog in
1977 by Kadiyala et al. (1997) In canines, marrow is easily
accessible and minimally invasive in places like sternum,
ribs, coxal, tibia, humerus, and femur tuberosity. The
isolation of these cells has been made by direct sowing by a
concentration gradient, being the very low portion in
canines 1/2500 and equine 1/4200 (MSCs/cells of the bone
marrow) (Park et al., 2019). The place of collection may
influence your isolation, being the best location, iliac crest
in dogs, old and warm in young, and other factors
how the donor’s age can influence the quantity and
quality of cells (Villatoro, 2015). A study carried out in
canines showed low expression of cell markers hematopoietic
and high expression of CM CD90 markers, also featuring
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differentiation into osteoblasts, adipocytes, and chondrocytes
(Qiu et al., 2018).

Some researchers have detected cells in the circulation that
present characteristics and phenotypes like those of bone
marrow MSCs. The presence of this cell has been reported in
the peripheral blood of healthy subjects, in the peripheral
blood of some animals, and in the peripheral blood of fetuses
with a gestational age of 10 to 14 weeks (Herzog et al., 2003;
Wakitani et al., 1995; Pereira et al., 1995; Sandhu et al., 1996).

Bone marrow MSCs are easy to isolate, expand in vitro,
and manipulate in the cell culture process to obtain the
necessary cell numbers that define the cellular dose to
administrate in the patient. They can be cryopreserved
without phenotypic alterations and preserve their
proliferative and differentiating capacity after the process.
The undifferentiated cells are subjected to processes in less
than seven passes, their karyotype characteristics, and their
telomerase activity begins to be affected beyond this pass.
This leads to aging of the culture and the appearance of
chromosomal alterations while causing the loss of cell multi-
potentiality (Nauta and Fibbe, 2007; Friedenstein et al.,
1968; Kinnaird et al., 2004; Gálvez et al., 2013).

MSCS from adipose tissue
The subcutaneous adipose tissue has become one of the most
used to obtain MSCs in small animals, possible small quantity
isolation collected in elective surgery, which were isolated for
the first time in canines up to the year 2008 (Ryan et al., 2007)
They are found in greater quantity compared to bone marrow
MSCs (500 to 100 times more) and allow to be isolated and
expanded from very small, besides this, they have a greater
capacity for proliferation (Park et al., 2019) Animals have
different sources of anatomical fat that are divided into fat,
subcutaneous, and internal, depending on this location,
adipose tissue presents different metabolic properties,
profiles of gene expression, characteristics antigenic, and
differentiation potential (Schipanski et al., 2016).

MSCS from amniotic membrane
The amniotic membrane is a promising alternative source for
obtaining MSCS, with high potential for use in regenerative
therapy due to already known characteristics of these cells, a
study showed stability between chromosomes in addition to
propagation in cell culture without loss of quality functional and
in vitro differentiation in chondrogenic cell lines, adipogenic,
osteogenic and neurogenic showing potential parents, that
guarantees its possible use in cell therapies (Sung et al., 2017).

The umbilical cord MSCS express SH-2, SH-3, SH-4, α-
SMA, CD29, and CD49b, but do not express others such as
CD90, CD106, or CD146. Functional studies have shown that
umbilical cord blood MSCS can differentiate into
chondrocytes, adipocytes, osteoblasts, hepatocytes, myoblasts,
and neuronal cells (Ryan et al., 2005; Oswald et al., 2004;
Asahara et al., 1997; Reyes et al., 2001; Koch et al., 2013; Tse
et al., 2000; Burrello et al., 2016; Ryan et al., 2005; Asahara et
al., 1997; Zhao et al., 2002).

Many research groups have published the possibility to
obtain MSCS from another source such as amniotic fluid,
fetal pancreas, placenta, Wharton gelatin, and adipose tissue,
but there is no standardized protocol to obtain and
purification of MSCS from these sources and their complete
characterization. Therefore, it will be necessary to generate a
standard MSC characterization of these alternative sources.
A research group reports that there are no morphological
differences among the MSCS from bone marrow, umbilical
cord blood, and adipose tissue. Their results indicate that
MSC umbilical cord blood has an enormous expansion
potential, but a lower differentiation (Cohen, 2013; Peired
et al., 2016; Lazarus et al., 1995; Reissis et al., 2016; Lazarus
et al., 1995; Reissis et al., 2016; Marappagounder et al., 2013;
Li et al., 2016; Park et al., 2016).

MSCS from dental pulp
The dental pulp is a connective tissue richly supplied with
blood vessels and nerves, lies within the internal cavity of

FIGURE 2. Main MSC sources
(Figure is made with biorender: https://
biorender.com/).
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teeth, and it is made up mainly of MSCS that when
proceeding from this tissue, its biological function consists
of repairing dentin and enamel, which are derived from
the ectoderm of the neural crest and therefore constitute a
true cellular reserve. Dental pulp can be recovered from
teeth that are extracted in procedures routine dental
practice and normally are considered a waste product
biological (Wang et al., 2004).

MSC plasticity
Cellular plasticity is defined as the ability of a cell to
differentiate into different mature cells from those of its
germ tissue origin; it is the cell flexibility to overcome the
lineage barrier and adopt expression profiles and functional
phenotypes of cells from other tissues, MSCS can
differentiate into mesodermal cells, as well as adopt an
endodermal or ectodermal destiny (Piersma et al., 1983).

The MSC’s ability to differentiate in vivo in spleen,
cartilage, bone marrow, and bone tissue cells was
demonstrated, the study may consist in cultivating MSCs
with a mutation in the gene of collagen type I, which allows
its monitoring. The cells were transplanted in an irradiated
mouse, and after five months it was observed that the donor
cells represented up to 12% of the cells of bone marrow,
spleen, bone, cartilage, and lung (Pereira et al., 1998).

Other experiments found that MSCS, after two months
of being transplanted in an immune-deficient mouse,
growth into the mesenchymal tissues (marrow and spleen),
and in the liver, thymus, and lung. These experiments
suggest that these cells replace a proportion of the MSCs of
the recipient in the bone marrow and that they participate
in normal biological functions, serving as a source of
progeny cells of various tissues (Menard et al., 2013).

The undifferentiated MSCS express characteristic neural
markers like the microtubule-associated 1B protein (MAP1B)
and vimentin. When treating the cultures with neural inducers,
which increase the levels of intracellular cAMP, many cells
acquired a typical neural cell morphology, associated with an
increase of neuron-specific enolase (NSE) and vimentin. These
neural cells have been obtained by using only small diameter
MSCs cell layers (Zuk et al., 2002; Safford et al., 2002; Oswald
et al., 2004; Gimble et al., 2008; Kim and Cho, 2013).

In vivo and in vitro studies demonstrate that the MSCs
plasticity is supported through the microarray and
microSAGE expression technique, that these cells express
transcripts not only of the mesenchymal lineages
(adipocytes, chondrocytes, myoblasts, osteoblasts, and
stromal fibroblasts) but also express transcripts
characteristic of epithelial, neuronal and endothelial lineage.
Depending on the origin of the MSC, the expression of
surface markers varies, thus MSCs derived from adipose
tissue express higher levels of surface antigens: CD34,
CD49d, and CD54; Bone marrow MSCs express higher
levels of the CD106 surface antigen and MSCs obtained
from umbilical cord blood hardly express the CD9017
surface antigen (Gonda et al., 2008; DiGirolamo et al., 1999).

Small extracellular vesicles (sEVs)
Small extracellular vesicles (sEVs) are microvesicles that
originate in the endosomal compartment by fusion of the
body multivesicular with the plasma membrane. The terms
microvesicles, ectosome, or vesicles released would
correspond to particles directly originated from the plasma
membrane. Although the bibliography indicates that small
extracellular vesicles are particles with a diameter less than
100 nm and microvesicle particles greater than 100 nm,
according to the International Society for Extracellular
Vesicles (ISEV), the strict separation by size or origin has
not yet been exactly established, nor is there a consensus on
the markers that can distinguish the origin of these vesicles
as shown in Fig. 3 (Cvjetkovic et al., 2014).

Small extracellular vesicles are secreted by most of the
cell types and can be isolated from both supernatants’ cells
in culture and different biological fluids. Small extracellular
vesicles are involved in intercellular relationships, allowing
the exchange of proteins and lipids between small
extracellular vesicle-producing cells and target cells. These
microvesicles contain RNA, micro-RNA, and proteins from
their cells of origin, which confer an important signaling
mechanism in physiological processes, including tumor
progression, angiogenesis, and module immune response
modulation (Qiu et al., 2018).

There are different methods for isolating sEVs, although
the most widespread is ultracentrifugation. This method is

FIGURE 3. Schematics of Exosomes (Small Extracellular Vesicles), microvesicles, and apoptotic bodies schematic (Figure is made with
biorender: https://biorender.com/).
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often combined with gradients of sucrose and requires
equipment suitable. Other methods include High-Performance
Liquid Chromatography, Liquid Chromatography, HPLC),
ultrafiltration, polymer precipitation, and immunoseparation
based on magnetic particles (Sarker et al., 2014).

The use of sEVs for the treatment of different pathologies
has been studied at the preclinical level where safety, efficacy,
and tolerability have been demonstrated widely. In recent
years, clinical trials using derived exosomes from dendritic
cells for the treatment of patients with cancer. Currently, the
therapeutic potential of sEVs derived from MSCS for the
treatment of pathologies of cardiovascular origin has been
shown in animal models. In this sense, sEVs have been used
from bone marrow in a murine model of myocardial
ischemia-reperfusion resulting in a beneficial effect on
reducing tissue damage (Gowen et al., 2020).

Most sEVs possess a group of evolutionarily conserved
proteins such as tetraspanins (CD81, CD63, and CD9), heat
shock proteins (HSP60, HSP70, and HSP90), ALIX, and the
tumor-susceptible gene 101 (TSG101), as well as Specific
and unique proteins depending on the tissue type that
reflect the cells of their origin. As a result of their high
selectivity and their ability to carry messages between
different cell types, along with their small diameter and low
immunogenicity, they have become understudy as
therapeutic agents in cardiovascular, musculoskeletal,
bronchopulmonary, dermatological, neurodegenerative, and
oncological diseases, among others (Cvjetkovic A, 2014).
They also act as possible endogenous vectors for the
transport of drugs due to their immunomodulatory action.
Another aspect is that alterations in their characteristics are
detected in many diseases, such as cancer, which suggests its
importance is not only therapeutic but also diagnostic
(Gowen et al., 2020).

The abundant content of the cargo identified in the sEVs
from MSCS (sEVs-MSC) makes them work mainly through
the constant transfer of microRNAs (miRNAs) and proteins,
>150 miRNAs and >850 unique proteins. It results in the
alteration of various types of activities in the target cells by
different pathways since many miRNAs of these sEVs have
been found involved in physiological but also pathological
processes, such as the development of organisms, epigenetic
regulation, and immunoregulation. They interact with target
cells by adhesion to their surface through receptors that act
as lipid ligands, internalization via endocytic capture, or by
direct fusion of these vesicles with the cell membrane, which
results in the release of the content or charge of the
exosome within the target cell, thus modulating the
physiology of the target cell and influencing the biology of
the tissue and the organism (Giebel et al., 2017)

sEVs-MSCS can carry antigenic material and express
functional major histocompatibility system (HPS) antigens,
resulting in the potential to mediate the immune response
through antigen presentation. It could explain their potent
immunomodulatory properties and is said to play a prominent
role in transporting and presenting functional complexes of
peptide-bound HPS antigens, for example, to modulate the
activation of specific antitumor T cells (Giebel et al., 2017).

MSCS was found to be bone marrow sex is effective in
buffering graft versus host disease (cGVHD) in mice by

inhibiting the activation and infiltration of CD4 + T
lymphocytes. This achieves the reduction of proinflammatory
lymphokine secretion and improves the generation of
regulatory T cells with the expression of IL-10 and inhibition
of TH17 cells. EVs derived from human multipotent stromal
cells suppress autoimmunity. in an animal model of type 1
diabetes (T1D) and experimental autoimmune uveoretinitis
(Giebel et al., 2017).

Exo-MSCS from human bone marrow promotes Treg
cell proliferation and immunosuppressive capacity through
action on IL-10 cytokines and tumor growth factor (TGF-
β1) in mononuclear cells isolated from peripheral blood in
asthmatic patients (Börger et al., 2017).

Clinical application
The MSC multipotential capacity and their plasticity make
them a perfect option for clinical applications. The literature
on MSCS reported in the last fifteen years refers precisely to
clinical use, which includes diseases of the skeletal, cardiac,
nervous, and hematopoietic systems, among others. Once
recovered, the cells are cultured ex vivo adhering to the
plastic surface of a culture bottle. Population expansion is fast
and is done by the sequential transfer of cells to an increasing
number of media cultures, being able to reach 20–30 times
the original population in less than two weeks. The above
allows having available in a short time a stock that can be
used for therapeutic purposes (Blazquez et al., 2014).

MSC expansion does not affect multipotentiality and
their tumorigenic potential is very low and its ability to
differentiate is restricted. They have low immunogenicity,
do not express MHC type II molecules or co-stimulatory of
T lymphocytes (CD80, CD86), and have a minimum
constitutive expression of MHC type I, which facilitates its
use for allogeneic transplant (Gastpar et al., 2005).

They have immunomodulatory properties, they are capable
of suppressing responses associated with inflammatory processes
promoted by cells of the immune system acquired (T helper 1
(Th1), Th17, T-CD8, and B lymphocytes). On the other hand,
they induce a response of cells of the immune system
associated with anti-inflammatory processes (cell dendritic
[DC] type 2 [suppressor], macrophage type 2, Th2 and T
regulators) (Burrello et al., 2016).

The studies were carried out to indicate what kind of stem
cells are suitable in regenerative medicine. The main
characteristic is that they should be nonspecialized cells and
have the capacity to self-renew for long periods in addition to
their plasticity in specialized cell deafferentation with specific
functions. Even though their lower proliferative potential and
lower plasticity compared to embryonic stem cells and
induced stem cells, but they are easier to obtain from tissues,
do not create ethical problems for their manipulation, they
have a high expansion capacity in vitro, in addition to low
potential for teratogenesis (Kurtzberg et al., 2014).

MSCS got the ability to produce cytokines and
growth factors, could migrate to the damaged tissue and
got immunomodulatory actions in situ. The MSC study
and development of biological characteristics could
contribute to offering novel therapeutic alternatives in
regenerative medicine and tissue engineering against
diseases (Menard et al., 2013).

MESENCHYMAL STEM-CELLS AND THEIR SMALL EXTRACELLULAR VESICLES 331



Experimental evidence has shown that MSC-derived
tissue could be effective in the treatment of different organic
dysfunctions including traumatic neural injury, acute
respiratory distress syndrome (ARDS), or renal failure. There
is preclinical evidence that MSCS may be effective in sepsis
treatment. The studies of allogeneic MSCS have focused on
the potential therapeutic value of the conditioned media and
microvesicles generated (Ashton et al., 1980; Bab et al., 1986;
Castro-Malaspina et al., 1980; Giebel et al., 2017).

MSCS after being cultured and expanded in vitro were
transplanted intravenously not only hematopoietic cells but
also colony-forming units (CFU-F). After three months of
having transplanted in an irradiated mouse, 50% of the
CFU-F obtained from bone marrow came from the donor. It
was demonstrated that in irradiated mice, MSCs graft not
only in bone marrow, but it also grafts in cartilage, spleen,
liver, lung, and brain. In humans, MSC therapeutic schemes
consist of expanding in vitro and transplanted into patients,
causing minimal adverse effects; these cells are tolerated by
patients and can be detected at different posttransplant times
(Menard et al., 2013; Kurtzberg et al., 2014; Lazarus et al., 1995).

Another MSC therapy is to promote angiogenesis, there is
experimental evidence that shows the generation and
incorporation of endothelial cells derived from MSCS, to
capillaries information, and promote angiogenesis through
the secretion of cytokines such as VEGF-A, FGF-2, IL-6, and
MCP-1. In myocardial therapy, MSCS is implanted into the
heart-damaged area and then begins to remodel the tissue
and improve its function, resulting in clinical improvement of
the heart patient (Kern et al., 2006; Bab et al., 1986).

The MSC clinic use, which has proven to have no risk to
the patient, is not teratogenesis and inhibits immune rejection
when they were transplanted. It is important to enhance the
study of these cells to know their biology, their differentiation
capacity, and their hematological role in diseases, as well as
their cell therapy applications in regenerative medicine. MSCS
modulates immune reactions in bone marrow transplants and
plays a crucial role in the development and differentiation of
the lymphohematopoietic system (Tofiño-Vian et al., 2018).

Those cells secrete growth factors and regulatory
cytokines that are not detected by the patient immune
system and have an immunomodulatory effect. In 1995, it
was the first clinical trial with MSCS, where 15 patients
were treated with autologous MSCS from bone marrow, the
clinical use of these cells has been widely studied (Zhao
et al., 2015; Bajada et al., 2008; Bajada et al., 2008).

A great global problem is the unauthorized “stem cell
clinics”, they use several “stem” cell populations, including
“MSCS” from many different sources for various treatments,
many without approved protocols. Significantly, liposuction
and bone marrow aspiration are the main “Stem Cells”
sources, those samples containing many cell types which do
not stem cells. It has been difficult to evaluate the
effectiveness of these “therapies” because many diseases and
disorders that are being treated are reduced and diminished
(Bajada et al., 2008).

Nowadays, the first large phase III trial with bone marrow
MSCs was realized by the pharmaceutical company Mesoblast
(before Prochymal) for the treatment of steroid-refractory
graft-versus-host disease (GVHD) (NCT00366145). The trial

was completed in 2009 and the results showed a significant
improvement in overall response only in children, which
allowed the approval of the first therapy with MSCs for the
treatment of pediatric GVHD in Canada and Japan.
Subsequently, Mesoblast launched a second trial
(NCT02336230) completed in 2018, where evaluated the use
of allogeneic MSCs in children with GVHD steroid-refractory,
the general response was satisfactory (Paik et al., 2020).

Currently, this therapy is on the registration phase at the
Food and Drug Administration (FDA) in the USA. Also,
Mesoblast have phase III treatments for the Crohn’s disease
(NCT00482092), chronic heart failure (NCT02032004),
chronic low back pain (NCT02412735), and recently, severe
acute respiratory syndrome caused by infection with
coronavirus-19 where the results show an improvement in
respiratory tract of patients who received MSCs against
placebo (Qian et al., 2020).

On the other hand, Autologous MSCs from MO
previously conditioned in vitro to induce cardiac regeneration
have also been tested in a phase III trial by Celyad (Belgium)
for the treatment of chronic heart failure (NCT01768702).
Similarly, TiGenix sponsored two studies with autologous
MSCs (NCT00475410) and allogeneic derived cells from
adipose tissue (NCT01541579) for the treatment of complex
perianal fistulas in patients without inflammatory bowel
disease (Hur et al., 2020).

The European Commission approved the first
pharmaceutical agent of MSCs (Alofisel) to treat Crohn’s
disease-related enterocutaneous fistular disease. Currently, in
addition to these clinical studies, TiGenix with 3 active trials
in phase III applied to Crohn’s disease, severe sepsis, and
acute myocardial infarction (Gowen et al., 2020).

On the other hand, the sEVs from MSCS (sEVs-MSCS)
and their clinical applications have shown that the results
published in preclinical models indicate that Exo-MSCS
have enormous therapeutic potential in the treatment of
immune-based diseases and pathologies associated with
tissue damage (Davis, 2016). Preclinical trials in acute
myocardium infarction models have shown that treatment
favors the functional recovery of heart tissue. On the other
hand, concerning the immunomodulatory role of these
sEVs, we have shown that they have a regulatory effect like
that described for the cells themselves, with an inhibitory
effect on the activation, secretion, and proliferation of T
lymphocytes.

sEVs-MSCS mediate tissue repair processes, they are
capable of synthesizing components of the extracellular
matrix such as fibronectin, versican, and collagen-1, and
soluble factors such as G-CSF, GM-CSF, VEGF, FGF7,
IL-6, IL-7, IL-11, TGF-β1, SDF-1, among others. sEVs-
MSC mediated effects occur without the inclusion or
grafting of these in a tissue. Studies with detection of
fluorescence show that the half-life of the cells after being
infused is reduced, with a population less than 1% one
week post-infusion. In this context, sEVs-MSCS would act
directly by contacting cells of the immune system or
others or, indirectly, by releasing paracrine factors,
exercising a coordination action in processes such as tissue
repair, neovascularization, apoptosis, phagocytosis, and
immunomodulation (Menard et al., 2013).
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The potential advantages of human sEVs-MSC use, it is
pointed out that it would avoid the transfer of cells in
situations in which adverse effects could occur, such as the
existence of mutated or damaged DNA, or a potential
pulmonary embolism due to cell implantation. In addition,
it can be used in systemic applications, sEVs nanoparticles
easily circulate through the body and pass the blood-brain
barrier with ease, while MSCS are too large to circulate
through the capillaries, so they are largely retained in the
pulmonary capillary network. On the other hand, the dose of
infused MSCS decreases rapidly after their administration,
so it would be possible that the administration of sEVs
could achieve a “dose” that circulates through the organism
to a greater extent compared to its cellular counterpart
(Urbanelli et al., 2015).

However, it is considered that the main disadvantage of
using sEVs-MSCS is that the dose would be fixed and unable
to reproduce in vivo unlike in cells. In turn, the usefulness
and efficacy of sEVs depend on certain critical parameters
that include the development of robust and highly
reproducible production processes for their production and
standardized storage, as well as clinical studies that allow
evaluating their therapeutic effects (Zhang et al., 2016). In the
portal https://clinicaltrials.gov/, there are 133 clinical trials in
different phases related directly or indirectly to sEVs, of
which 55 directly use these nano elements in different
evaluations, mostly related to cancer (Qiu et al., 2018).

In the exosome industry, currently, three main uses
are defined:

a) as a diagnostic tool through liquid biopsy.
b) therapeutics of naturally produced sEVs.
c) Therapeutics of modified sEVs (approximately 34

companies work in this area, with a focus on cancer,
neurodegenerative diseases, and exosome production and
engineering).

In the diagnostics area, the case of the company Exosome
Diagnostics Inc. (USA) stands out, which has 23 international
patent applications published since 2015; It was recently
acquired by Bio-Techne Corp. for $ 250 million for its
development for the diagnosis of lung and prostate cancer
(Eom et al., 2015).

There are currently three prominent companies working
on large-scale exosome production:

1. Evox Therapeutics, Ltd. (United Kingdom-Sweden)
formed by the association between the University of Oxford
and the Karolinska Institute, with 15 patent applications
published since 2017; it is focused on the development of
sEVs-based therapies for metabolic disorders (Yukawa and
Baba, 2017).

2. Association between Rooster Bio Inc. & Exopharm
Pty. Ltd. (USA-Australia), the first dedicated to the
commercialization of MSCS and associated products for their
expansion at Research + Development and clinical level, and
the second owner of the process to produce sEVs on a large
scale and low cost with a focus on musculoskeletal diseases
(Chen et al., 2017b).

3. Codiak BioSciences (USA) has created immortalized
cell lines to homogenize the production of sEVs and modify
their content, it has 5 international patent applications since
2017 (Harrell et al., 2019).

In the last 10 years, exosome-related companies have
reached a global amount of USD 660 million, mainly
comprising capital raising and public subsidies. In Chile, the
companies Cells for Cells and Consorcio Regeneron develop
two lines of work in sEVs:

a) Production of sEVs in a bioreactor system with culture
medium without animal components and coupled to a
tangential ultrafiltration system, to reduce the cost of production.

b) Antiangiogenic effect of sEVs-MSCS of menstrual
fluid (MenSC) for the treatment of cancer; there have 2
patent applications to demonstrate the therapeutic effect at
the preclinical level.

Since December 2019, SARS-CoV-2 infection has
become an urgent public health event around the world. On
February 13, 2020, more than 63,000 cases with more than
10,200 serious cases have been confirmed in mainland
China. Although symptomatic and supportive care is
recommended for severely infected people, those with
advanced age and comorbidities such as diabetes and heart
disease remain at high risk of adverse outcomes, with
mortality of ~10%. Experimental studies have shown that
MSCS and Exo-MSCS significantly reduced lung
inflammation and pathological deterioration resulting from
different types of lung injury (Yuan et al., 2019).

In addition, macrophage phagocytosis, bacterial death
and results are improved. It is very likely that Exo-MSCS
have the same therapeutic effect in inoculatory pneumonia
as MSC itself (Li et al., 2019). Although human bone
marrow MSCS have been safely administered in patients
with ARDS and septic shock (phase I/II trials), it appears
safer to administer Exo-MSC rather than live MSCS.
Intravenous administration of MSCS may result in
aggregation or agglutination in the lesion, microcirculation
and carries the risk of mutagenicity and oncogenicity, which
do not exist when treating with nebulized Exo-MSCS.
Another advantage of Exo-MSCS over MSC is the possibility
of storing them for several weeks/months allowing their safe
transport and delayed therapeutic use (Abraham and
Krasnodembskaya, 2020, Gowen et al., 2020).

The purpose of this combined interventional clinical trial
is to explore the safety and efficiency of inhalation of
allogeneic adipose Exo-MSCS aerosols in the treatment of
hospitalized patients with novel coronavirus pneumonia
(Gowen et al., 2020).

Conclusions

The MSC represents a biomedicine area in permanent growth,
not only in cell therapy but also in hematological diseases and
cancer. MSCS presents differentiation mechanisms different
from other kinds of stem cells, they are an interesting model
for cell differentiation and plasticity. Even though the cells
are currently having clinical use, there is much information
on the biology of MSCS and their differentiation mechanism
to generate a new classification that clarifies the
morphological heterogeneity that has been described in
several works that reflect different biological properties
(Desrochers et al., 2016). Since 2003, in the European
Union, cell therapy products with gene therapy products are
considered drugs; both were introduced into the legislation
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through Directive 2003/63/EC41. In 2007, those therapies and
tissue engineering were defined as advanced therapy drugs in
Regulation (EC) No. 1394/2007. Those norms regulate the use
of MSCS, defining them as somatic cell therapy, or medicinal
therapy, which must contain viable cells, which can be
subjected to expansion and in vitro culture during its
manufacture (Jiang et al., 2002).

In clinical trials, it is important the sample origin
selection as such as bone marrow, adipose tissue, umbilical
cord, etcetera, the isolation method, if it is enzymatic or
non-enzymatic, its selection by adherence or phenotype,
the expansion process, and their procedures like culture
media, xenogeneic-free, oxygen concentration, the
maximum number of passes, etcetera. Future strategies for
MSC in cell therapy must carry on those aspects to be
able to be concretized and to unify the criteria of use
and employability and homogeneity (Yen et al., 2005,
Ding et al., 2015).

Nowadays, MSCmanufacture must be subject to the Good
Manufacturing Practice guide, where the quality and safety
must be at least as guaranteed as any other product or
another medication. Those standards include the quality
control of the starting biological material, the reagents and
fungible material used through the process of in vitro MSC
expansion until reaching the required dose, and the
excipients of the product final. Then, the manufacturing
process must be aseptic, so the facilities must be qualified,
processes, validated, and trained personnel to perform that
work. The cellular drug finally obtained must meet previously
defined specifications based on identity, purity, potency, dose,
stability, and viability (In’tAnker et al., 2004, Hu et al., 2003).

The test results obtained in vitro and in vivo, define MSC
as cell therapy, establish the necessary criteria for its
manufacture as a therapeutic product, and ensure the
quality during the process (Nawaz et al., 2016). This control
is important to keep the reparative potential of MSC
unchanged, immunomodulatory, and regenerative effects on
the damaged tissue. For all this reason, MSC is presented in
this work as a great therapeutic alternative to treat multiple
disorders such as neurodegenerative, immune, or traumatic
origin diseases. Even though there are still many obstacles
that must be overcome when using MSCS in cell therapy,
we enhance the study about its nature, applicability, and
regulation through the microenvironment. Therefore, it is
important to study the behavior of the different MSC
populations about niches and not to generalize their
therapeutic use. Unless there is an exact relation of the
patients and illness to be treated.

Finally, it is important to comment on the growing
industry interest in the production of extracellular vesicles.
As of today, three companies (Capricor Inc., Anosys Inc.,
and ReNeuron Group, PLKC) are specializing in the
development of therapies based on extracellular vesicles
isolated from different sources (cells derived from
cardiospheres, cell neural stem, and dendritic cell).
Surprising that the therapeutic potential of these vesicles,
the impact they currently have on the industry, and the
development of clinical trials are still very limited.

One of the reasons that limit the incorporation of
extracellular vesicles in clinical trials is the need for a

standardization process in isolation of this. In this sense,
although ultracentrifugation has traditionally been considered as
the method that provides a higher degree of purity in the
isolation of sEVs, this method, from the point industrially, is
costly in terms of time and energy. Filtration-based methods
could be an alternative for large-scale processing of cell culture
supernatants, although for therapeutic applications this
biological material must be produced under controlled
conditions and following the regulation of good manufacturing
practices. The establishment of good practices of manufacturing
to obtain sEVs with a method of filtration requires quality
controls that consider the size of the vesicles, presence/absence
of biochemical markers, absence of contaminants (protein
aggregates), sterility and stability of the final product, methods
to optimize product storage and finally methods analytics that
serve to control all aspects previously listed.

Even though the work presented here, when dealing with
using experimental in vitro development, has evident
limitations, the authors consider that MSC and their sEVs
therapy is a controversial breakthrough in the treatment of
incurable diseases. Many preclinical and clinical studies
using sEVs-MSCs have been accomplished, but before
therapeutic using them on a vast clinical scale, some issues
should have been concerned, as the optimum dose and
precise administration time should be concerned depend on
the harshness of each disease. And finally understanding the
fundamental mechanisms of action, manipulation, and
preconditioning to produce safer and more effective MSCs
and sEVs-MSCs for cell therapy.
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