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Abstract

Nanotechnology is a rapidly developing field with numerous applications spread in different fields, especially medicine. It plays a
role in tissue engineering, tissue regeneration, drug delivery, and regenerative medicine. The present brief review summarizes the
role of nanotechnology in tissue engineering and tissue regeneration. The CRISPR/Cas9 system in tissue engineering is playing an
important role, as CRISPR is a revolutionary genome-editing technology that is being used for tissue engineering where it empha-
sizes to address tissue architecture formation, immune response circumvention, cell differentiation, and disease model develop-
ment. Moreover, the development and research expenses for tissue engineering and regenerative medicine are too high and there
is a need for making these systems cost-effective. Thus, the advanced approach of applications of nanotechnology to regenerative

CRISPR/Cas9 System

medicine and CRISPR will definitely revolutionize the basis of treatment, prevention, and diagnosis of various diseases.
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1. Introduction to Nanotechnology and Nanoparticles

Nanotechnology is a technology that deals with very
tiny sized nanometer objects. It includes structures that
fall approximately in the 1 to 100 nm size (1 nm =10 m)
at a minimum in one dimension. To understand this size
range, the thicknesses of human hair, a bacterium, a virus,
and a tiny molecule are about 100,000 nm, 1,000 nm, 100
nm, and 1 nm, respectively. Thus, nanotechnology partic-
ularly includes those objects that are up to many hundred
nanometers in size (1, 2).

Nanoparticles (NPs) not only exist in nature but also
are made as a result of human activity. These nano-sized
materials possess a large surface area to volume ratio
and their physiochemical properties like interaction with
other molecules and friction are distinctive from those of
similar objects of large size (3). Nanoparticles are complex
molecules composed of three layers: (1) the top or surface
layer, which is mostly functionalized with a variety of poly-
mers, metal ions, surfactants, and small molecules, (2) a
shell layer that differs from the core material chemically
in all aspects and, (3) the core that is the main central part
of NPs and mostly is referred to as nanoparticle itself (4).
Due to their nano-sizes, they have fundamental material
properties with many practical applications in numerous
different areas, e.g., engineering, environmental remedi-

ation, and medicine. Nanotechnology is a vast interdis-
ciplinary field that utilizes knowledge from different do-
mains of chemistry, biology, physics, health science, engi-
neering, and material science. It has tremendous applica-
tions in nearly every discipline of human life and science.

Nanoparticles are solid particles or particulate disper-
sions with a size 0f 10 t0 1,000 nm (5). Nanotechnology ap-
plications have spread into numerous fields since the last
decade, such as biomedical engineering, medicine, and
material science. The basis of this new technology lies in
the formation and utilization of materials, devices, and
surfaces at the molecular level. Nanotechnology has a sig-
nificant role to play in the field of medicine where it is uti-
lized for tissue engineering, diagnosis, and drug delivery
(6). In the discipline of medical science, nanotechnology
has been widely used for imaging modalities and develop-
ment of novel therapeutics and it has the potential to rev-
olutionize the present state-of-art in these fields. The Na-
tional Cancer Institute in 2004 defined opportunities in
six major areas, as follows: (1) drug delivery and therapy,
(2) vehicles to assess in vivo efficacy of a therapeutic drug,
(3) disease diagnosis and imaging, (4) a system with com-
bined diagnostic and therapeutic applications, (5) detec-
tion of molecular changes responsible for disease patho-
genesis and, (6) nanoscale-enabling technologies to speed
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up basic research and scientific discovery (3).

For drug delivery, the drug is mixed, encapsulated,
entrapped, or attached to the matrix of NPs. Based on
the preparation method, nanospheres, nanocapsules, or
nanoparticles can be attained. The matrix systems in
which the drug is uniformly and physically dispersed are
nanospheres, whereas nanocapsules are the systems in
which a cavity surrounded by a unique membrane made
up of polymers contains the drug. Recently, polymeric
biodegradable nanoparticles, which are specifically deli-
quescent polymers, e.g., polyethylene glycol (PEG) that is
a long-circulating particle, have been utilized as potential
devices for the delivery of drugs. They have been used as
drug delivery devices because of their capability for tar-
get specificity, the ability to deliver peptides, proteins, and
genes, and acting as carriers for DNA in gene therapy. Nan-
otechnology allows attaining site-specific drug delivery.
The nanotechnology-based drug delivery system is the real
need of the day for pharmaceutical companies. Nanoparti-
cles, i.e., objects that are 100 nm-sized or smaller at least in
one dimension, are potential candidates as drug carriers.
These nanoscale particles are unique in their biological
and physiochemical properties because of their tiny sizes.
They are capable of crossing tissue and cell barriers and
have more reactive surface areas. Therefore, they are very
desirable structures for applications in the biomedical do-
main. To design nanoparticles for delivery of drugs and
to attain site-directed action of the pharmaceutical drug
at the specific optimal rate and dose plan, the main objec-
tive is to control particle surface properties, the size, and
release of active pharmacological substances at the target
site (5, 7).

2. Tissue Engineering and Bioscaffolds

Bioscaffolds are artificial objects inserted inside the
body. They are used to grow tissue in the damaged or miss-
ing parts of the organ in a process known as Tissue Engi-
neering (TE). Tissue engineering is an emerging multidis-
ciplinary field that employs the principles of engineering,
chemical science, and biological science with the basicaim
of tissue regeneration (8). It is an interdisciplinary area
that combines cellular behavior and methods of growing
cells on a scaffold (an artificial substrate) in the presence
of appropriate biochemical factors needed to develop ar-
tificial organs and tissues or regenerate damaged tissues
(9-12). A distinguishing characteristic of TE is the ability of
the regeneration of the patient’s own organs and tissues
that not only are completely free of low bio-functionality
and poor biocompatibility but also severe immunological
rejection (13). It is a technique that involves cells seeding

on to a scaffold, followed by in vitro culture to form ma-
tured tissue. After the formation of matured tissue, they
are fixed inside the body at the site of damage (e.g., frac-
tured cartilage, bone, or skin) as an implant. Regenerative
medicine and TE have emerged as the typical field for re-
placing tissue and organ failed or lost as a result of injury
or any other kinds of damage, which are the main health
issues for human beings (14, 15).

Stem cells can react to morphogen substances, signals,
and scaffolds, which are biomimetic of the extracellular
matrix (ECM)are the main prerequisites in tissue engineer-
ing(16). Sometimes, biomaterials act like scaffolds to main-
tain, replace, and repair the structure of damaged organs.
The developed scaffolds have a few disadvantages includ-
ing immunological reactions to materials implanted, in-
fection caused by materials, and mechanical failure of ma-
terials (17,18).

In TE, the cells that possess the capability of initiation
and sustain the process of regeneration are ‘switched on’
possibly via the genes or growth factors so that they can
form a new required variety of functional tissue. This can
be possibly achieved by the use of a matrix or a scaffold that
guides the architectural or geometrical shape of the new
forming tissue and may take place on a customized basis in
the damaged area in a single patient or at a more ex vivo in-
dustrial level in a bioreactor where the formed tissue con-
struct is again planted in the patient’s body (19). Cells are
mostly seeded orimplanted into an artificial structure that
has the capability to support the three-dimensional forma-
tion of tissue. These structures are generally known as scaf-
folds (20). Scaffolds act as support and frameworks for cel-
lular attachment, division, and differentiation that lead to
the formation of extracellular matrix (ECM) (21). It should
be biocompatible in both degraded and implanted forms
(22).

Generally, tissue engineering scaffolds are used with
the following main objectives:

1. The major purpose of scaffolds is to provide biochem-
ical factors and cells for cellular migration and attachment
(17).

2. They should supply transitory function in damage in
the process of tissue regeneration.

3. They should specify an area that shapes the regener-
ating tissue.

4. They should enable the inward growth of tissue and
allow for the incorporation of seeded cells, genes or pro-
teins to speed up the process of tissue regeneration.

5. They should help in the diffusion of nutrients vital
to cells and expressed products.

6. They should have some biological and mechanical
effects to change the activity of the cell phase (23).

Thus, scaffolds act as templates in directing the new
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tissue development. Therefore, bioscaffolds are mostly
used in the regeneration of cartilages and bones. Recent
advances in tissue engineering have led to the birth of
third-generation biomaterial scaffolds. Biodegradable and
bioactive scaffolds are designed not only to give a transient
three-dimensional microenvironment for tissue and cells
butalso to direct the cellular processes involved in de-novo
tissue regeneration (24).

Prerequisites for scaffolds include the following:

1. They should be capable of supporting cellular
growth and division and have an acceptable level of toxi-
city profile and biocompatibility (25).

2. They should possess such mechanical properties
that will match to those of tissues present at the site of
implantation or have those mechanical properties that are
adequate to protect cells from damaging tensile, or com-
pressive or tensile stress without having inhibitory effects
on proper biomechanical signals (23).

3. Scaffolds absorption kinetics depend on regenerated
tissue. Forinstants, if a scaffold is going to be used for skele-
tal system tissue engineering, the rate of degradation of
the scaffold biomaterial should be comparatively slow be-
cause it has to provide mechanical strength until the re-
generation of tissue is nearly finished.

4. It must have the ability for the formation of complex
shapes with adequate porosity. Appropriate pore size and
high-level porosity are essential to assist diffusion and cell
seeding across the whole structure of both nutrients and
cells. The optimal pore size is 100 to 500 nm (13).

5. Biodegradability of scaffolds is an important param-
eter as they should be imbibed by nearby tissues without
the need for surgical removal (26).

6. Scaffolds should mimic the indigenous ECM, which
is an endogenous material found around cells, help them
bind to tissues, and supply signals that assist the develop-
ment and morphogenesis of cells.

7. An injectable pre-polymer should be in the form of a
liquid and be sterilized without undergoing any structural
or chemical change. After the injection, the pre-polymer
mixture should bind to the biological surface (25).

Worldwide, a major healthcare issue is the loss of tis-
sue or organ failure due to disease or injury. The donor
transplantation of organs and tissues is limited because of
the unavailability of compatible donors. Nowadays, the al-
ternative procedures used involve artificial prostheses and
mechanical devices that do not repair the damaged organ
or tissue function and are not able to integrate into the tis-
sue of the host. Moreover, these artificial prostheses and
mechanical devices not only are subject to wear upon due
to long-term implantation but also induce inflammation
responses in the host (27). Currently, tissue engineering
is appearing as a promising alternative to organ or tissue
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transplantation. By the use of this technology, the loss of
tissue or organ failure can be cured either through ex vivo
perfusion systems or by the implantation of an engineered
biological alternative. The products of TE either can fully
perform the function at the treatment time (e.g. encapsu-
lated islets, liver assist devices, etc.) or have the capabil-
ity to integrate and cause the formation of expected func-
tional tissue at the time of implantation (e.g., chondro-
cytes fixed in a matrix carrier). In some situations, bioma-
terials are altered to strengthen the attachmentand migra-
tion of specific cell populations to replace or repair the in-
jured tissue (28). Cardiovascular tissues like blood vessels
(12,29) and heart valves (30, 31) are now being engineered
by scientists. To give extracorporeal assistance to patients
suffering from liver failure, liver-assist systems comprising
encapsulated hepatocytes have been used at a clinical level
(31, 32) and encapsulated pancreatic islets have been im-
planted in diabetic patients for the cure of diabetes (33).
Bioartificial bladder has been created as a replacement en-
gineered organ (34,35) and for patients suffering from kid-
ney failure, a kidney support system consisting of encap-
sulated urothelial cells is in the process of development
(36, 37). Moreover, to treat patients with amyotrophic lat-
eral sclerosis, researchers have tried to design and engi-
neer the human nervous system by the use of encapsula-
tion of genetically modified neural cells that secrete cil-
iary neurotrophic factor (CNTF) (28). In addition, nerve
guidance channels have been created for the purpose of
peripheral nerve regeneration and spinal cord repair (38,
39). Ophthalmological engineering attempts to develop
lens, cornea, and retina tissues (40). For the purpose of
bone repair, remarkable development has been made in or-
thopedic tissue engineering (41, 42), ligaments, cartilages,
and tendons (43, 44) and bovine periosteum on biodegrad-
able polymer matrices (45, 46), illustrated the formation
of whole joints and small phalanges. By using synthetic
matrices and dental fibroblasts, researchers have also at-
tempted to form dental pulps (42, 47). For the improve-
ment of vascularization of skin graft, novel strategies have
been adopted to produce a vascularized network inside a
tissue-engineered skin for the purpose of grafting on deep
wounds (48-50).

3. Tissue Regeneration

Regeneration can be defined as a form of healing in
which a new growth of tissue entirely restores parts of in-
jured tissue to their normal original states. The capability
of regeneration of damaged or injured tissues is a typical
character across different species. Salamander possesses
the ability of whole limb regeneration whereas human be-
ings are restricted in the meaningful regeneration of func-
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tional tissue to the specialized organs such as the liver (51-
53).

4. Regenerative Medicine and Nanotechnology

Regenerative medicine is an arising interdisciplinary
area whose aim is to maintain, enhance, or restore tissue
and organ functions. Tissue regeneration can be obtained
through the combination of materials that act as scaffolds
to support the proliferation of cells and provide biologi-
cal functions (54, 55). In mammals, cells act in vivo in re-
action to biologicals signals they get from the nearby en-
vironment and they are composed of objects in nanoscale.
That is why materials used to repair the body have to re-
generate the right signals to lead cells to show the desired
behavior. Nanotechnology is an outstanding tool to form
material structures that not only mimic biological ones
but also provide efficient delivery systems (56). Regenera-
tive medicine has brought a high promise for the cure of a
large number of human diseases worldwide. In the near
future, human diseases like Alzheimer’s disease, cancer,
Parkinson’s disease, spine injury, and osteoporosis might
be cured with procedures whose aims are the regeneration
of damaged or diseased tissues.

Using the off-the-shelf synthetic product for the regen-
eration of nonfunctional or injured tissues is a drive for
medical science. Nowadays, interest in nanomedicine is
increasing due to the application of nanotechnology tools
because the formation of materials at the molecular level
allows better interactions between biological structures
and material surfaces. Since cells are in micrometer di-
mensions, they are in vivo in immediate connection with
the extracellular matrix, which is a substratum having
structural characteristics and topography of nanometer
size (57, 58). The interactions between ECM and cells affect
the growth of cells, provide guidance for cell motility, and
influence the behavior of cells in general (54). Nanotech-
nology gives us the opportunity to generate structures,
materials, and surfaces with nanoscale characteristics that
can copy the cells’ natural environment to promote some
cellular functions like cell motility, cell adhesion, and cell
differentiation. Nanomaterials used in biomedical appli-
cations are nanofibres as tissue scaffolds, nanoparticles
used for the delivery of molecules like DNA, growth fac-
tors, and drugs, and nanodevices or surface-altered im-
plantable entities (56). In TE, the combination of these ma-
terialsis a good example of the potency of nanotechnology
applications in regenerative medicine (59, 60). The main
aim of regenerative medicine is the in vivo regeneration
or in vitro formation of complicated functional organs
that consist of a scaffold produced from natural or syn-
thetic materials that are full of living cells. Preferably, they

should be used due to stem cells’ potential to produce all
kinds of tissues and their limitless ability of self-renewal.
The success of the TE approach could be greatly increased
by the functionalization of porous scaffolds with differ-
ent biological molecules (based on targeted cells) or en-
capsulation of nanoparticles like genes, drugs, or growth
factors (61, 62). However, there are major problems to
this strategy, including the isolation of stem cells from
the patient, followed by their proliferation and culture in
a biological reactor and long-time span before the engi-
neered hybrid construct is placed back into the patient;
thus, we need well established standard methods in the fu-
ture (56). In the last two decades, Robert Langer, Anthony
Atala, and other scientists established the areas of regen-
erative medicine and TE (Kwon et al., 2008). Ongoing ad-
vancement in the field of regenerative medicine is a po-
tential way of the stimulation of the body’s repair mech-
anisms for the regeneration of damaged or injured tissues
(56).

5. Strategies for Regenerative Medicine

“The promise of regenerative medicine is the com-
plete, functional repair of human tissue damaged by
disease or injury” (CIRM, 2012). Towards regenerative
medicine in humans concerning “the process of replacing,
engineering, or regenerating human cells, tissues, or or-
gans to restore or establish normal function” (63), there
are three broad strategies at present. The most closely as-
sociated strategy with regenerative medicine is the strat-
egy of stem cell therapy. As “stem cells are responsible for
engineering an organ’s original complexity during devel-
opment, it holds that they should be capable of recapitu-
lating complexity after injury”. The current advancement
in the area shows great potential (64, 65) but still, much re-
search is needed before such therapeutic approaches are
provided to a wide number of patients. In animals that
have the ability of tissue regeneration, stem and progen-
itor cells are first arranged into a blastema at the site of tis-
sue damage (66). Another theory says that the adult mam-
mal’s immune system prevents regeneration by the inhi-
bition of this arrangement and alternatively, represents
a strong bias for quick recovery and fast return of move-
ment (67). Therefore, another promising approach in TE
directs to regulate the immune system to allow endoge-
nous regeneration (68). Indeed, there is a firm relation-
ship between the “development of adaptive immunity and
the loss of regenerative ability” (69). In spite of insuffi-
cient understanding of procedures involved in the regen-
eration process, advancement has been made in imple-
menting the “principles of regenerative medicine to hu-
mans” and stem cell therapies’ scope will be enhanced
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with a more deep understanding of “limited regenerative
capacity of humans”. Currently, most successful tissue en-
gineering plans depend on macroporous scaffolds that fa-
cilitate attachment at the beginning and following the dif-
ferentiation cues for seeded stem cells. After achieving suc-
cess for relatively simple tissues like blood vessels (70) and
bladders (71), the more complicated metabolic organs like
the kidneys and liver need more advanced and complex
biomimetic scaffolds, which will have the ability to give
multilayer information to differentiating cells (72, 73). “To
deliver on the promise of “off-the-shelf” organs” and for the
successful stimulation of in vivo tissue regeneration, the
extending area of nanomedicine must be mingled into the
tissue engineering strategy (74).

6. CRISPR/Cas9 System

The clustered regularly interspaced short palindromic
repeats (CRISPR)-associated protein9 (Cas9) system is a nat-
ural defense mechanism of bacteria for protection against
plasmid transfer and phage infection. It has been adapted
as a platform for use as a strong RNA-directed DNA tar-
geting tool for genome imaging, genome editing, epige-
netic modulation, transcriptional perturbation, and epi-
genetic modulation. By the use of this technique, one
can accurately manipulate nearly any specific sequence
of the genome with the help of a short stretch of guide
RNA (75), which allows the correction of “disease-causing
mutations”, explanation of the function of genes involved
in development and progression of diseases, and “inac-
tivation of activated oncogenes or activation of deacti-
vated cancer suppressor genes when utilizing a fusion pro-
tein of nuclease-deficient Cas9 and effector domain” (76-
79). Additionally, this programmable endonuclease tech-
nology allows scientists to know about the function of
various genes at the same time by targeting several ge-
nomic loci in one experiment (80). This will help in-
crease our knowledge of pathological processes that are
involved in large sets of mutations or genes, like tumor
development. By the use of libraries of single-guide RNA
(sgRNA), CRISPR-based genome-wide screens can be used
to identify and quickly determine drug targets and iden-
tify disease-resistance genes, like oncogenes or novel tu-
mor suppressors (81, 82). CRISPR-Cas9-mediated genome
engineering offers great potential for the treatment of ge-
netic diseases, neurodegeneration, various types of cancer,
Duchenne muscular dystrophy, cystic fibrosis, immuno-
logical disorders, viral infections, sickle cell anemia, and
cardiovascular diseases (83-86).

The CRISPRs are important genomic factors of many
bacteriophage-resistant archaea and bacteria. Moreover,
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Cas9 is a CRISPR-linked endonuclease along with heli-
case domains and putative nuclease that can be local-
ized to a specific portion of DNA and cause double-strand
breaks under the guidance of trans-activating CRISPR RNA
(tracrRNA): CRISPR RNA (crRNA) duplex (87-89). Studies
show that the “tracrRNA:crRNA” duplex guides the CRISPR-
associated protein Cas9 to utilize two sites HNH and RuvC
and break the double strands in the targeted DNA that is
complementary to crRNA (90-92).

The dual trancrRNA: crRNA was developed to use as a
single-guide RNA (sgRNA) for the purpose of genome en-
gineering. It consists of a ”5’ end 20-nucleotide sequence
determining the DNA target site according to Watson-Crick
base pairing and a 3’ end double-stranded structure bind-
ing Cas9” (91). The sgRNA has the potential to guide the
CRISPR-Cas9 to the desired DNA sequence along with adja-
cent protospacer-adjacent motif (PAM) by altering the se-
quence of gRNA(93-95). The CRISPR-Cas9 has proventobea
successful genome editing tool in human cells (80, 96, 97).

7. CRISPR/Cas9 Systems in Tissue Engineering

In tissue engineering, the present uses of CRISPR/Cas
systems have emphasized to address the tissue architec-
ture formation, immune response circumvention, cell dif-
ferentiation, and disease model development. For the ap-
plication of tissue engineering, stem cells are great cell
sources with huge potential but the directed differenti-
ation of these stem cells is still a non-trivial challenge.
For the improvement of osteogenic potential of Adipose-
derived Stem Cells (ASC), the CRISPR/Cas system has been
utilized to edit their genomes by “exchanging bone mor-
phogenetic protein (BMP) antagonist-encoding sequences
(noggin) with BMP agonist-encoding sequence (BMP-2)”
(98). By the replacement of noggin with BMP-2, “the cellu-
lar mechanism that upregulates the BMP antagonist is har-
nessed to express the BMP agonist under noggin promo-
tion”. “This theoretically would direct the ASC population
towards an osteogenic lineage, even under stimuli that
would inhibit BMP production”. This usage of CRISPR/Cas
systems to direct differentiation of stem cells to a particu-
lar lineage is a beneficial replacement to commonly used
clinical applications of exogenous recombinant growth
factors (99, 100). Likewise, other researchers have utilized
CRISPR/Cas systems for direct differentiation for use in dis-
easemodeling and tissue engineering. Scientists have used
this system for editing intestinal stem cells of humans to
understand the pathways that lead to the development of
colorectal carcinoma (101). Investigators used CRISPR/Cas
systems for editing the genomes of induced pluripotent
stem cells (iPS) to produce isogenic cell lines with or with-
out mutations (102). These isogonic cell lines have appli-
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cations in disease modeling and tissue engineering. Re-
cently, the optogenetic control of transcription from en-
dogenous genes has been obtained through developing
a CIBN-dCas9 fusion protein, which dimerizes with tran-
scriptional activator CRY2VP64 at exposure to blue light
(103). This light-activated CRISPR/Cas9 effector (LACE) can
be utilized to direct cell differentiation with the additional
benefit of spatiotemporal control. This ability to control
the pattern and timing of differentiation could be utilized
as a strategy to form biomimetic tissue architecture in
tissue-engineered constructs. The use of CRISPR/Cas9 sys-
tems in tissue engineering will rely on the capability to re-
duce off-target events and restricted exposure to the activ-
ity of Cas is a crucial fact. Systems like LACE could confine
the exposure to the activity of Caswhen itis integrated into
the genome. Care should be taken to avoid random inte-
grations, possibly through targeting safe harbor loci for
the integration of the CRISPR/Cas system (77,104,105).
Taken together, these examples of the use of
CRISPR/Cas systems in tissue engineering are the signs
of an emerging push towards the use of synthetic and
molecular biology to help in the solution of problems
faced in this area. The future utilization of CRISPR/Cas
systems in the field of tissue engineering will not only
continue to address tissue architecture formation, im-
mune response circumvention, disease model develop-
ment, and cell differentiation, but also possibly focus
on spatiotemporal programming, angiogenesis, im-
munomodulation/immunoengineering, and patterning.
Although there has been advancement in stem cell en-
gineering for the promotion of angiogenesis, the most
used techniques need specialized knowledge to reduce
accessibility to a vast array of researchers (106, 107). An
example is hepatocyte growth factor-secreting umbilical
cord stem cell engineering by the use of TALEN to induce
angiogenesis (108). One of the advantages of CRISPR/Cas
systems is that they would help researchers with lacked
specialized knowledge in protein engineering to work on
these developments and they might be able to produce
even much more complicated multifactor-secreting cells.
Strategies that use CRISPR/Cas systems for regulation
of apoptosis, differentiation, and homing of stem cells
need to be established as these are the main areas of
attention for stem cell engineering (109). Moreover, the
ability to address all these areas with one single system
is an attractive and logical solution. Moreover, complex
GRN has promised to be utilized for the generation of
tissue architectures that will mimic native body tissues
in both function and form, affecting various applica-
tions in the field of tissue engineering, like whole-organ
engineering, 3D microtissue development for in vitro
assays and multi-layered tissues (e.g. vascular grafts),

and disease modeling. It is also plausible to use GRN to
assert spatiotemporal control for the introduction of im-
munomodulation/immunoengineering and angiogenesis
solutions to the area. For these spatiotemporal regulation
systems, CRISPR/Cas-based GRN will respond to a range
of both exogenous and endogenous physicochemical
stimuli to initiate complicated behaviors that will permit
the timely release of cytokines and growth factors; it also
regulates the expression of cellular receptors, all under
spatiotemporal control (109). The future use of CRISPR/Cas
systems in tissue engineering will be vast and restricted
only due to our understanding of cellular processes that
are continuously being studied, the future will be bright
and promising (78, 110, 111).

8. Future Perspectives

While notable development has been made in the field
of tissue engineering and nanotechnology, various chal-
lenges still exist in the utilization of nanotechnology to de-
sign more complicated tissues. There is a need for a well-
organized study of biodegradability and biocompatibility
of recently manufactured nanoparticles for their integra-
tion into clinical trials. More advancement in this field
needs ongoing collaborations and interactions among re-
searchers from various disciplines and corporation with
the funding and regulatory firms. Moreover, the develop-
ment and research expenses for tissue engineering and re-
generative medicines are too high and there is a need to
make these systems cost-effective. Thus, the advanced ap-
proach of applications of nanotechnology to regenerative
medicine and CRISPR will definitely revolutionize the ba-
sis of treatment, prevention, and diagnosis of various dis-
eases.
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