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Abstract

The appearance of regenerative medicine (RM) and tissue engineering (TE) opened new areas in medical science. This rapidly ex-

panded field focuses on the restoring function of damaged tissues and organs. Due to their multidisciplinary identity, RM and TE are

closely related to stem cell biology, cellular therapy, bioengineering and nanotechnology. Nanotechnology has provided new struc-

tures with unique biochemical, mechanical and electrical properties. With the advancement in nanotechnology, direct connection

with cells has become possible, offering exciting medical therapy possibilities.
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Introduction

Nanotechnology is the term used to cover the design, construc-
tion, and utilization of functional structures with at least one char-
acteristic dimension measured in nanometers [1,2]. Nowadays,
Nanotechnology and biotechnology play a critical role in vari-
ous medical sciences, and regenerative medicine is one of these
branches. Regenerative medicine is a rehabilitation medical sci-
ence that uses stem cells that can repair, restore and repair lost
portions of the person by one’s stem cells, which their stem cells
play an essential role. The body’s innate healing response may also
be leveraged to promote regeneration, although adult humans pos-
sess limited regenerative capacity compared to lower vertebrates
[3]. Recently, stem cells have gained much attention for treating
devastating injuries and damage caused by degenerative disease,
diabetes and ageing [4]. Tissue bioengineering combines biology
and medicine sciences and engineering, including repairing and
replacing damaged cells (Figure 1). The general principles of tis-
sue engineering involve three essential components: identifying
appropriate cells, developing three-dimensional (3D) scaffolds and
inductive morphogenic signals to regenerate tissues and restore

normal organ function [5].

Discussion

Nowadays, tissue engineering (TE) and regenerative medicine
(RM) is a rapidly expanding topics of research directed towards
replacing tissue and organs when required. Commonly TE and

RM are utilized equivalently. The committee defines regenerative

Tissue bio-engineering

Medicine Biology

Engineering

Figure 1: Tissue bioengineering structure.

medicine on the Biological and Biomedical Applications of Stem
Cell Research as “methods seeks to understand how and why stem
cells, whether derived from human embryos or adult tissues, can
develop into specialized tissues and seeks to harness this potential
for tissue-replacement therapies that will restore lost function in
damaged organs [6]. In brief, it is based on regenerating and re-
placing damaged tissues and organs [7,8]. Langer and Vacanti in-
troduced the term tissue engineering in 1993 [9]. Tissue engineer-
ing is the persuasion of the body to heal itself through the delivery
to the appropriate sites of molecular signals, cells and supporting
structures [10]. Distended research that has been done contributed

to developing and creating organs and tissues that can be applied
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in the case of defective or diseased tissues and organs [11-13].
Encouraging results of regenerative medicine in the healing and
replacement of a wide range of tissues and organs have been de-

clared worldwide.

Nanotechnology is a familiar word in today’s life, and we can
see its products everywhere with various applications (Figure 2).
Nanotechnology, with the feature of “mimic nature”, commenced
a new therapy field and has dramatically improved regenerative
medicine and tissue engineering. The unique properties of nano-
materials make them superior to traditional materials. Some of
these unique properties are larger specific surface areas, mechani-
cal, optical, electrical, and magnetic. Nanomaterials show reliable
performance in both medical diagnosis and disease treatment. The
detection methods include sensing, cell sorting, bio-separation,
enzyme immobilization, transfection immunoassays, purification,
and magnetic resonance imaging. Nanomaterials therapy involves
drug/gene delivery, hyperthermia/thermal ablation/photother-
apy, tissue repair, and radiotherapy [14]. Various nanomaterials,
nanofibers, and nanofilms have been utilized to develop tissue and

targeted delivery at the nanoscale [15-21].

Nanobiomaterials describe biomaterials with a size between 1
and 100 nm in at least one dimension or can be defined as mate-
rials interacting with and influencing the biological microenviron-
ment at a nanointerface [22,23]. Nanobiomaterials, by introducing
and presenting novel biocompatible, biodegradability and nonin-
vasive surfaces and materials, have become an indispensable part
of biomedical science. As a result of the similar size, structure, and
chemical properties of nanomaterials to biomaterials, they play es-
sential roles in the studies, including identifying biological systems
[24]. Inorganic, physical, polymeric, metallic, organic/carbon, and
ceramic are the most common types of biomaterials used for health
care, including tissue regeneration [25,26], dental/bone implanta-
tion [27-29], drug delivery [30], cancer therapy [31], Gene deliv-
ery/therapy [32]. Bone is significant in the skeletal system and is
crucial in reserving minerals, protecting organs and the body, and
creating blood cells [33]. Bone diseases like bone cancer, osteo-
porosis, nonunion bone fractures and osteoarthritis disturb the
regular activity of osteoblasts cells responsible for renewing bone
tissues. In bone cancer treatment, nanoparticle-based drug deliv-
ery, specially AuNPs, is wildly applied due to low toxicity and ease
of surface modification [34,35]. AuNPs modified with alendronate
(ALD) treat osteoporosis [36].

Photothermal therapy (PT) is a non-invasive technique for can-
cer treatment by applying heat to destroy sick cells. AuNPs-based
photothermal therapy in cancer treatment has attracted attention

in the recent decade. In the presence of a laser beam, AuNPs absorb
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Figure 2: Various applications of nanotechnology.

and convert into heat efficiently, leading to better cancer treatment
results [38].

The first idea of 3D printing belonged to Charles (Chuck) Hull
in 1986 [39]. 3D printing by providing suitable organs and tissues
for transplantation has become an inseparable part of regenerative

medicine [40]. The steps of 3D printing are illustrated in (Figure 3).

3D bioprinting is a fully active area of research in tissue engi-
neering. It consists of the precise layering of cells, biological scaf-
folds, and growth factors to create bioidentical tissue for numer-
ous utilizations and develop new organs [41]. There are three main
kinds of 3D bioprinting: inkjet bioprinting, microextrusion bio-

printing, and laser-assisted bioprinting [42].

The first delivered bioprinter was 2D inkjet printing [43]. Inkjet
3D bioprinting, also called drop-on-demand printers, is designed
based on a non-contact technique like thermal, piezoelectric, or
electromagnetic forces to layer biomaterials droplets onto a sub-
strate that fabricate 2D or 3D structures [44]. The main advantages
of this method are high resolution, the drop size and density are
adjustable, and drop length and drop deposition can be directed
electrically. The disadvantage is the restriction in using low viscous
bio-ink and the long process duration as the consequences of low

droplet volume (picoliter) [45].

Microextrusion 3D-bioprinting, as the most common method, is
based on a temperature-controlled biomaterial dispensing system
which employs mechanical and pneumatic power to generate con-

tinuous beads of materials directed by CAD-CAM software. One of
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Figure 3: The steps of 3D printing process.
(CAD: Computer-Aided Design; CT: Computer Tomography).

the superiority of this method over the previous one is the possibil-
ity of applying a wide range of highly viscous biomaterials, which

results in facile scale-up 3D structure creation [46].

Laser-assisted bioprinting (LAB) is noticed as the least com-
mon bioprinting method. This non-contact method is built on
laser-induced forward transfer, and high-resolution patterns are
achievable. LAB consists of a pulsed laser beam through a “ribbon”
comprising a layer of biological materials. The significant draw-
backs are low cellular viability, and the ribbon preparation step is a
rather time-consuming procedure [47]. A considerable number of
studies have confirmed the beneficence of applying 3D bioprinting
in various organ systems consists, of skeletal, muscular, nervous,
lymphatic, endocrine, integumentary, respiratory, digestive, uri-

nary, and circulatory system.

Conclusion

The regenerative medicine and tissue bioengineering future
can be an essential step for medical and dental treatment and the
appropriate solution for reconstructing wounded and injured sec-
tions of patients, which should be selectively provided to the pa-
tient. The future of regenerative medicine and tissue engineering
relies on the ability of scientists and clinicians to “mimic nature” or
“work with nature” in coming up with innovative biomaterials and
technologies, such as nanotechnology, to advance this field [48].

With the development of this science and the use of stem cells, it
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will eventually improve the quality of lives of millions of persons
by improving examinations and medical treatments with new tech-

nologies.

Future Works

Since Nanotechnology in Regenerative medicine is one of the
new and effective branches, it should have more exhaustive re-
search on nanomaterials to be more effective in medical and bio-

logical sciences.
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