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Stem cells have garnered significant attention in the medical industry due to their unique
capabilities and potential for personalized medicine such as self-renewal, differentiation into
various cell types, and microenvironment-dependent behavior regulation. These cells are
primarily classified into two categories: pluripotent (e.g., embryonic and induced pluripotent
stem cells) and tissue-specific (e.g., mesenchymal stem cells). To optimize and modify the
behavioral characteristics of these cells for various clinical and research applications, genetic
alterations—either permanent or transient—are often required. Advances in genetic editing
technologies now enable precise genome manipulation of stem cells for therapeutic, research,
and artificial organ development purposes. The goals of genetic manipulation of stem cells
are: 1-Reducing transplant rejection and immune response: one of the main challenges in
stem cell transplantation is the host immune response. With genetic manipulation, immune
system-related genes such as HLA-G, PD-L1, and CD47 can be modified to reduce the
likelihood of transplant rejection for example, using engineered stem cells to produce human
organs in the bodies of other species, such as pigs, with the aim of reducing the shortage of
organ donors. 2-Fabrication of organ-like structures and drug screening: 3D organ-like
structures derived from stem cells provide better models for studying diseases and testing
drugs than animal models or 2D cultures for example, producing organoids of the intestine,
heart, and brain to study the effects of specific drugs and diseases. 3-Creating new
capabilities in stem cells: Through genetic manipulation, stem cells can be engineered to
secrete therapeutic factors such as VEGF for angiogenesis or to transfer mitochondria to
damaged cells for example, the use of engineered stem cell exosomes for tissue repair after a
heart attack. In general, gene editing technologies include random methods such as using
waves (such as ultrasound) or chemicals (such as cell-penetrating peptides) and targeted
methods such as ZFN, TALEN, CRISPR-Cas9 systems. In order to transfer genes to stem
cells, biological methods such as using adenoviruses, lentiviruses, and retroviruses, chemical
methods such as lipids and cationic polymers, and physical methods such as microinjection,
electroporation, and nucleofection are used. The advantages of using cationic polymers
compared to cationic lipids include their biocompatibility and greater stability. Also, to
reduce the toxicity of these compounds, their molecular weight can be reduced. In addition,
natural polymers such as chitosan are less immunogenic and toxic and are biodegradable.
Genetic manipulations may lead to off-target changes in the genome and complications such
as cancer. In addition to vectors, chemical reagents used for transfection or transduction, core
sequences of vectors, reporter genes, and antibiotic resistance may also lead to errors in
genetic manipulation. Strategies to mitigate the challenges include the use of non-viral
vectors such as plasmids to reduce integration into the genome, optimization of genetic
editing enzymes (such as Cas9) to increase accuracy, and control of the expression of
manipulated genes with self-regulatory mechanisms. While stem cell genetic engineering
holds transformative potential for regenerative medicine, disease treatment, and organ
biofabrication, challenges like immune responses, oncogenic risks, and editing inaccuracies
require further research. In the case of cell therapy and injection of engineered stem cells,
despite the fact that most of the genes involved in the process of combating rejection by the
immune system and the apoptosis induced in them, genes involved in the production of
engineered exosomes from them and the interaction of these cells with other cells, have been
able to increase the efficiency of treatment using these cells without increasing the cost of
treatment and the risks associated with embolism; however, the safety of stem cell
manipulation in terms of immune and inflammatory responses in the host, as well as the risk
of carcinogenesis through integration of the viral genome into the host genome, is the biggest
obstacle to their clinical use as cell manipulation in vivo. Therefore, the safety and quality
control aspects of manipulating genes that are to be overexpressed must be carefully
considered. In addition, the degree of efficiency and long-term genetic stability must be
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thoroughly investigated. There are still many unresolved issues for the clinical and in vivo
application of engineered stem cells, including the number of modified stem cells to inject or
the best method of delivering the modified stem cells to the target site. This review article
explores the necessity and significance of stem cell manipulation, the different methods of
genetic modification of stem cells, the advantages and disadvantages of each approach, and
the solutions available to enhance the efficiency and safety of these methods for medical use.
Integrating advanced genome-editing tools with safe delivery systems will be critical for
clinical translation. Engineered stem cells and their derivatives may revolutionize therapies
for intractable diseases.
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Figure 1. Schematic illustration of the behavioral and differentiation properties of stem cells (Rasekhi et al.,
2017).
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Table 6. Advantages and disadvantages of using AAV vectors in the genetic manipulation of tissue-specific

stem cells
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Figure 3. Schematic diagram of three different methods of microinjection, nucleofection, and electroporation
in gene transfer to stem cells (Nowakowski et al., 2013)
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