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Abstract

give challenging advances in tissue regeneration in the next decade.

Nanotechnology has emerged as an area with great potential for the treatment of several human diseases. The use of nanobiomaterials,
drug delivery systems, gene therapies, diagnostic and surgical robotic tools, nanobiomedical devices, amongst others, is called nanomedicine
or bio-nanotechnology in healthcare. It has been shown that stem cells have an important reparative potential for restoring the function of
injured tissues and organs. Nanotechnology and stem cell research are two interesting fields that are gradually becoming a newly merged
field of modern research. This novel field, stem cell nanotechnology, has generated high interest in human healthcare because it could result
in significant contributions in regenerative medicine and tissue engineering. Mesenchymal stem/stromal cells or mesenchymal stromal cells
(MSCs) are a special type of stem cell with some interesting properties, such as easy isolation, high rate of proliferation in culture and their
differentiation capacity into several cell lines. Moreover, it has been shown that MSCs contribute to tissue repair due to their tropism for injury
sites. It has been proposed that MSCs can be useful as cellular vehicles for medications. Human MSCs have been isolated from different tissues
such as bone marrow, adipose tissue, cord blood, Wharton'’s jelly, dental pulp and placenta. The new field of MSCs/nanobiomaterials could
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Introduction

Nanotechnology is a highly interdisciplinary field which
has seen rapid development in recent years in the treatment
of injured organs using tissue engineering. Stem cell and
nanotechnology are two fields that are progressively becoming
a new combined field, referred to as stem cell nanotechnology,
which designate the uses of nanotechnology in stem cell
research and development. Stem cell nanotechnology has
generated high interest in biomedicine and is currently being
used for treatment, healing, and regeneration of cells and tissues
[1,2]. For the efficiency of stem cell transplantation on tissue
regeneration it is very important to provide biocompatible
scaffolds that form a temporary 3D matrix. These biomaterials
will support cell-biomaterial communications, cell adhesion,
cell proliferation, and finally, tissue repair. The nanomaterials
developed over the past decade for stem cell engineering are
focused on the potential applications of these nanomaterials in
tissue regeneration, stem cell isolation, and drug/gene delivery
[3]. However, the effects of nanomaterials on stem cells need
more extensive evaluation [4].

Stem cells have tremendous potential in medicine because of
their ability to self-renew and differentiate into many cell types.
There is a special type of stem cell, called mesenchymal stem/
stromal cell (MSC) that has the ability to migrate throughout
the body and home in on where the injury is located in order
to repair the damage. MSCs have the potential to evolve into a
whole range of different tissue types, i.e., they are multipotent
cells. MSCs also have paracrine effects, that is, the cells secrete
some soluble factors that are responsible for their therapeutic
effects. Alternatively, MSCs can also serve as cellular vehicles
and/or delivery systems for medications in order to increase
their efficacy and decrease their side effects. They are isolated
from several tissues, such as, bone marrow, adipose tissue,
umbilical cord, and placenta. Nanotechnology in MSC research
is focused on three main areas: labeling and/or tracking of
the cells, delivery of different molecules and use of scaffolds.
Nanoparticles allow labeling the cells and tracking them once
injected for better understanding of the mechanisms involved
after MSCs transplantation in vivo, such as, proliferation,
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differentiation, migration and grafting within the host tissue
[5,6].

In addition, nanoparticles can be used as carriers of DNA,
siRNA, and drugs that can be introduced into MSCs for delivery
to damaged organs [6,7]. One of the major problems found in
MSC transplantation is the deficient engraftment of stem cells
onto the injured tissues, as well as, their survival for the time
needed to repair the damage. Biomaterial scaffolds mimicking
the extracellular matrix environment will overcome these
problems and improve MSCs transplant in some pathologies
[8]. Here, we will review some of the strategies used combining
nanotechnology and MSCs in several diseases.

Bone regeneration

The treatment of fracture nonunion and bone loss related
to different diseases still remains a major challenge to the field
of musculoskeletal injury. Biomaterials for bone regeneration
should be biocompatible, with osteoinductive, osteoconductive
properties and mechanically compatible with native bone.
Different types of scaffold materials, such as, metals, ceramics,
polymers, collagen, biomaterials,
functionalized silk films have been used with MSCs in bone

calcium  phosphate

tissue engineering [9,10].
Cardiac Regeneration

Heart damage is one of the most challenging diseases to deal
with because cardiac myocytes cannot regenerate themselves
after injury. Several studies have suggested that MSCs could
differentiate into cardiomyocytes, both in vitro and in vivo Stem
cells included in 3D micro- or nanoscaled structures could be
a promising way to treat cardiac patients helping to overcome
myocardial infarction and heart failure [11,12].

Neural diseases

Neurological disorders are complex and represent a
challenging clinical problem. MSCs are able to differentiate
in vitro into several neural lineages, including astrocytes,
oligodendrocytes and neurons, while reduced engraftment
and differentiation were found when transplanted in vivo.
The use of nanofibres and nanoscaffolds together with MSCs
seems to facilitate nerve regeneration more efficiently than
transplantation of stem cells alone [13]. Also, the chemical
composition of scaffolds and their pore size has important
effects on the differentiation capacity of MSC to in nerve cells
[14].

Cancer treatment

MSCs have been shown to migrate towards inflammatory sites
and they are also able to migrate towards and home in on tumors
[15]. MSCs secrete growth factors, cytokines, and chemokines,
which may can inhibit or, in some cases promote , the growth of
tumor cells in vitro and in vivo[15,16]. In addition, MSCs can be
used as cellular vehicles of nanoparticles loaded with anticancer

drugs in order to increase the number of nanoparticles into the
tumor, reducing the side effects of drugs and enhancing their
effect [6].

Pelvic floor disorder

Pelvic organ prolapse is a female pathology frequently
linked to childbirth which triggers a weakening of muscles
and ligaments causing urinary problems along with other
symptoms. A 3D computer model has been developed which
could help to find a treatment for pelvic organ prolapse [17].
This biomechanical model could add to our understanding of
the evolution of injuries and why surgery to repair prolapse
fails. This technology in combination with MSCs containing
functionalized nanoparticles could help in the study as to
whether stem cells induce tissue repair and, if so, how it takes
place [6]. The combination of nanofibrous pads or polymer
scaffolds and MSCs could be also good strategies to improve the
outcomes of surgical interventions [18,19].

Conclusion

The combination of nanotechnology and MSC research is a
relevant and highly promising field that could provide significant
contributions to improving healthcare. However, the use of MSCs
together with nanoengineered surfaces and structures for tissue
regeneration is still in its early stages. Therefore, intensive
research into MSC-nanomaterials interactions and their effects
under in vivo and in vitro conditions is still required to apply
these novel technologies to medical treatments. For this, the
combined knowledge and expertise of engineers, biologists,
chemists, and clinicians is essential.
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