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The Concept of Cell Generation to Patient-Specific Therapy: A Review of Induced Pluripotent Stem Cell Applications
 
Abstract
Induced pluripotent stem cells (iPSCs), are derived from the reprogramming of adult somatic cells and have become essential in biomedical research. Their pluripotency nature allows these cells to be converted into specific cell types for therapeutic applications. This article reviews previous research on iPSCs, detailing how they are derived, tested and utilized in medicine.
 The literature- based review was conducted using up- to- date, peer- reviewed articles and reports from sources such as PubMed, medicine journals and national library of medicine. Relevant Journals focusing on induced pluripotent stem cell (iPSC) generation and their applications were selected for the purpose of this review. The published researches were explored to decipher iPSCs developmental stages including cellular reprogramming, their applications in disease modelling, and therapeutic intervention.
Recent studies have shown that iPSCs can support the regeneration and growth of previously damaged or dead cells and tissue. Beyond their role in cell regeneration therapy, iPSCs are also valuable for drug testing and understanding disease development pathways.

 Despite their potential, challenges related to cell reprogramming persist, particularly concerning the risk of tumourigenesis and genomic instability. Nevertheless, iPSCs hold great promise for therapeutic medicine, with nearly limitless applications. Ongoing research aims to enhance their viability and safety to address the complications involved in their synthesis and use. This review aims to explore the mechanism of iPSCs generation and its role in clinical settings. 
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Introduction 
 

Stem cells have the unique ability to undergo differentiation, a property known as potency. Among these, pluripotent cells can differentiate into any cell type (Zakrzewski, et. al., 2019). Induced pluripotent stem cells (iPSCs) are a specific cell type of stem cells created from adult tissue cells that are reprogrammed to exhibit characteristics similar to embryonic stem cells.  The process of reprogramming cells involves introducing a specific set of transcription factors including octamer-binding transcription factor 4 (Oct4), sex-determining region Y-box 2 (Sox2), Kruppel-like factor (Klf4), and Cellular-myelocytomatosis-oncogene (c-Myc). These transcription factors work together to create an autoregulatory loop, which enables them to activate their own gene expression, thus maintaining the pluripotency of the iPSC’s (Abbar, et. al., 2020.)  After generating the iPSCs, they undergo specialized form of differentiation to become the specific cells type relevant to the condition being treated. The iPSCs are exposed to signalling molecules and cultivation condition that mimic the development pathways occurring during the growth and development. This process allows them to differentiate directly into the required cell type for therapy (Tavakoli, et al., 2022).

 Quality control measures are implemented to ensure the purity and functionality of the reprogrammed cells. (Cell Guidance Systems, 2022; The Human Protein Atlas, n.d.). 
Once administered, the iPSC-derived cells migrate towards the damaged tissue, differentiate into mature adult cells, and integrate into the existing cellular framework (Maeda, 2020). The repair of damaged tissue involves redesigning the extracellular matrix (ECM), a non-cellular component of the tissue. iPSC-derived cells secrete ECM proteins that break down the existing ECM and reform its components. These cells also produce ECM components such as collagen, laminin and fibronectin, which are deposited into the surrounding tissue to create supportive structures that promote cell adhesion and proliferation. (Tavakoli, et al., 2022).  Given the numerous applications of iPSCs, this review article aims to explore the mechanism of iPSCs generation and its role in clinical settings. 

 

 

                                                  DISCUSSION
IPSC Developmental Stages
Cellular Reprogramming 
Reprogramming involves transforming mature somatic cells into pluripotent, embryonic state (Simonsson et. al., 2012.) This process can be achieved through methods such as somatic cell nuclear transfer (SCNT), cell fusion, and the ectopic expression of specific factors, including octamer-binding transcription factor 4 (Oct4), sex-determining region Y-box 2 (Sox2), Kruppel-like factor (Klf4) and Cellular-myelocytomatosis oncogene (c-Myc) (Abbar et al, 2020). The SCNT is a technique where the nucleus from a somatic cell is placed into the cytoplasm of an egg cell that has had its nucleus removed. This somatic nucleus undergoes transformation to become a zygotic nucleus. The egg then proliferates into a blastocyst, a stage at which embryonic stem cells can be cultured and harvested (Stocum, 2023).

Upon initiating the reprogramming procedure, two distinct transcriptional waves or phases occur. In the first wave, the transcription factor, c-Myc, binds to specific regions of the somatic genome that are marked by methylated Histone 3 Lysine 4 dimethylation (H3K4me2) and Histone 3 Lysine 4 trimethylation (H3K4me3). These modifications indicate an open chromatin structure meaning that the DNA becomes accessible to the transcription factors Oct4 and Sox2, for the reprogramming process (Abbar et al, 2020).  

The second transcriptional wave involves the transcriptional factors Oct4, Sox2, Klf4 and c-Myc which initiate the transcription of pluripotency-related genes (PAGs) after gaining access to the PAG promoters and enhancers. These pluripotency-related genes are responsible for the embryonic properties acquired by reprogrammed somatic cells. As a result, the somatic cells undergo morphological changes, including a mesenchymal-to-epithelial transition (MET). This transition is crucial for gaining pluripotency as epithelial cells share more characteristics with embryonic stem cells. Epithelial genes such as E-cadherin, EpCAM and Occludin are upregulated, indicating the establishment of cells similar to epithelial cells.  

Octamer-binding transcription factor 4 (Oct4) and Sex determining region Y-box 2 (Sox2) are critical transcription factors expressed in pluripotent embryonic stem cells during their development and are essential for maintaining pluripotency (Simonsson, et. al., 2012). 

Cellular myelocytomatosis oncogene (c-Myc) and members of the ‘Myc family’ are classified as proto-oncogenes and were used in the production of the first human iPSCs (Simonsson, et. al., 2012). Kruppel-like factor (Klf4) and the rest of the Klf family are zinc-finger transcription factors and like the Myc family, also play a role in the generation of the first iPSCs (Simonsson, et. al., 2012). 

Direct reprogramming 
Direct reprogramming involves introducing transcription factors into somatic cells using vectors, which induces their pluripotency. Viral vectors are capable of altering the genetic makeup of a host cell and facilitating gene delivery. These vectors can be either viral or non-viral and are categorized into integrative (retroviruses) and non-integrative vectors (adenoviruses and sendai viruses) (Esco VacciXcell, n.d.). 

Integrative vectors are those that do not replicate within cells and must integrate into the host cell’s genome. This integration occurs when the virus transfers its DNA to the nucleus of the cell, merging with the cell genetic materials (Esco VacciXcell, n.d.). This characteristic enables the effective introduction of transcription factors (Oct4, Sox2, Klf4 and c-Myc) into somatic cells. Retroviruses are excellent agents for inducing pluripotency, however, a drawback is their inability to remain functional once integrated into a target cell’s DNA and only dividing cells can be infected. An alternative to retroviruses is lentivirus which is a type of DNA-based vector that, like retroviruses, can integrate its genetic material into the target cell’s DNA. Lentiviruses are preferred over retroviruses because they can infect both dividing and non-dividing target cells, making them more useful for cell reprogramming (Andargie et al, 2016). 

On the other hand, non- integrative vectors (adenoviruses and sendai viruses) release their genetic material into the cytoplasm of the host cell without integrating into its nucleus. The viral genetic material remains in the cytoplasm and can replicate independently, eliminating the need for integration (Esco VacciXcell, n.d.).  Once the viral RNA enters the cell’s cytoplasm, it translates to generate the necessary transcription factors for reprogramming (Andargie et al, 2016).

 

Cell Fusion

Somatic cells can be reprogrammed the process called cell fusion. In this method, two cells are merged using polyethylene glycol, resulting in the formation of pluripotent state. This process involves a ‘dominant’ and ‘recessive’ cell, with the recessive cell altering its gene expression profile to match that of the dominant larger cell. The resulting cells are known as hybrid cells which exhibit characteristics similar to embryonic stem cells and possess pluripotent markers such as Oct4, Sox2, and Nanog.

 

Cell Extracts

Cell extracts can be used to expose differentiated cells to substances derived from embryonic stem cells. In this technique, the protein streptolysin-O, is used to render the differentiated cells permeable, after which they are exposed to the extract from embryonic stem cell. This process leads to the partial reprogramming of the tested cells allowing them to attain a pluripotent state. 

 

Cell Characterisation 

Stem cell characterisation involves testing specific properties of stem cells to determine their suitability for therapeutic applications. This process includes assessing pluripotency, karyotyping, and genomic integrity which helps ensure that generated cell lines are of high quality (DHLife Sciences, 2023). 

 

Karyotyping 

The technique requires growing and harvesting cells to obtain chromosomes from the metaphase stage of cell mitosis. The cells are transferred to glass slides and stained with Giemsa stain, which highlight regions rich in adenine and thymine DNA in a dark colour, while regions high in guanine and cytosine appear lighter. This staining procedure result in specific patterns known as “G-banding.” The obtained chromosomes are arranged and assigned numbers from 1 to 22 including the X and Y chromosomes. This arrangement is called a karyotype, which will be used for further analysis. Karyotyping is typically performed to detect chromosomal disorders in the tested cells and can also be utilised for iPSC characterisation. 
Human pluripotent stem cells can sometimes experience chromosomal mutations and copy number variations, potentially leading to a condition known as aneuploidy. An aneuploidy is a chromosomal abnormality that can be identified by arranging chromosomes in order of shape and size. iPSCs can be affected by trisomies which occur when an extra chromosome is present, or monosomies, which occur when a chromosome is missing. A well-known trisomy is trisomy12, which is characterised by an extra chromosome 12, which is linked to the overexpression of the NANOG gene, essential for maintaining pluripotency in iPSCs. Karyotyping aids in identifying chromosomal changes, such as the deletions, duplications, and translocation mutations where segments of chromosomes are exchanged between different chromosome (Cell Guidance Systems, 2022). 

 
Immunostaining 
Immunostaining also referred to as Immunocytochemistry, is a procedure used to identify specific proteins and antigens by utilising antibodies linked to reporters. Reporters are enzymes that monitor cell transformation by tracking DNA orientation and gene expression. These reporters generate signals, which can manifest as colour changes due to enzymatic reactions. Examples of reporter systems include enzyme-coupled antibodies and fluorophore-labelled antibodies. (The Human Protein Atlas, n.d.).  

 When a substrate is added to the enzyme, it facilitates the production of a coloured product at the binding site of the antibody within the test- iPSC. These antibodies also help indicate the presence of pluripotency markers, such as Oct4, Sox2 and TRA-1-60, which are crucial for maintaining the cells’ undifferentiated state (The Human Protein Atlas, n.d.). 

Fluorophores are a type of reporter consisting of molecules capable of being excited to higher energy states after absorbing light of specific wavelengths. They can relax and emit light as they return to their original state. The emission of light creates different colours that, when combined, produce images indicating the specific antigens present. Identifying the desired antigens on the surface of iPSCs is essential for verifying accuracy of the previously generated cells (The Human Protein Atlas, n.d.). 

 

Genomic integrity 
This refers to the stability of genetic material within a cell. Both human induced pluripotent stem cells (hiPSCs) and human embryonic stem cells (hESCs) are known to be prone to genetic instability suggesting that they can undergo genomic changes over time, which may lead to chromosomal abnormalities. One type of abnormality associated with iPSC karyotypes is aneuploidy, specifically involving trisomies on chromosomes 12, 17, and the X chromosome. These abnormalities can result in unusual amplifications of specific genomic regions, and are observed during long–term culture of hiPSCs. 
Another complication is uniparental disomy (UPD), which. Although less common than aneuploidies, can be significant when observed in lineage-derived pluripotent stem cells (LiPSCs). UPD occurs when both copies of a chromosome are inherited from a single parent rather than one from each parent. This is particularly critical for genes whose expression depends on the parental origin. UPDs can pose clinical challenges for affected individuals, as there may be an incomplete transfer of genetic information. Disorders associated with UPD include Angelman Syndrome and the Prader-Willi Syndrome, both of which are caused by UPD on chromosome15 (Steichen, 2019).
 

Since the generation of iPSC involves the duplication and amplification of the genomes from a single cell, the propagation of genetic mutations is highly likely.  For instance, a study by Jason P. Weick, et. al., found that, in a sample of iPSCs generated from patient with Down’s syndrome, approximately 90% of the cells exhibited trisomy 21 (an extra copy of chromosome 21). However, about 10% of the cells were euploid, meaning they had a normal chromosomal set. While this finding was observed in a small percentage of patients (1-3%), it suggests that somatic mosaicism can significantly impact genomic integrity (Steichen, 2019).

 Research into somatic mosaicism also helps identify suitable human donors for cell sourcing. Somatic mosaicism arises from cell division and tends to increase with age, as older individuals experience more cell divisions. A study by Valentina Lo Sardo, et.al. indicated that the somatic cells of older donors contain a higher number of mutations due to elevated rate of somatic mosaicism. This highlights the potential risk of using older donors for iPSC generation, as it may lead to increase mutations and genetic aberrations.
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Fig.1. Somatic Mutations
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Clinical Application and Patient Administration 
Patient administration is one of the final stages in the creation of iPSC and can be seen as part of regenerative medicine. Regenerative medicine is a medical field that combines human genetics, cellular biology, and biomechanics, with the primary goal of restoring damaged or defective cells and tissues to a healthy state. Stem cells play a key role in this area of medicine due to their unique biological properties, which support a broad range of therapeutic applications. Regenerative medicine has emerged as a significant alternative to traditional disease management and treatment methods, which typically rely on drugs. The application of human iPSCs in various bodily systems involves different mechanisms including the secretion of growth factors, immunomodulation, and direct differentiation, among others (National Library of Medicine, 2022). 

 

Secretion of Growth Factors and cytokines

 

Induced pluripotent stem cells (iPSCs) undergo genetic encoding using viral vectors to enable them to produce and release the vascular endothelial growth factor protein (VEGF). This VEGF protein stimulates a process called angiogenesis which involves the creation and maintenance of blood vessel structures. Angiogenesis is the development of new blood vessels from existing ones and occurs throughout a person’s life. There are two types of angiogenesis: sprouting angiogenesis and intussusceptive angiogenesis (Adair TH, et.al., 2010). 

Sprouting angiogenesis occurs when new blood vessels grow from already present vessels. The inner lining of blood vessels, known as endothelial cells, form ‘sprouts’ that develop in response to Vascular Endothelial Growth Factor A (VEGF- A). These sprouts grow and branch out, adding new blood vessels to tissues that lack sufficient blood and oxygen supply (Adair TH, et.al., 2010). 

Intussusceptive angiogenesis involves the formation of new blood vessels through a process of splitting. Portions of interstitial tissues invade existing blood vessels, creating ‘tissue pillars’ that expand and divide the vessel lumen into two or more lumens. This division leads to the creation of additional blood vessels (Adair TH, et.al., 2010). 

The process of angiogenesis supplies increased blood and oxygen to damaged cells during regeneration. Growth factors also play a role in tissue repair and regeneration. These proteins regulate cell development, differentiation and healing. They are released by platelets, fibroblasts and epithelial cells in response to severed or damaged tissues. During the initial stages of tissue repair, the damaged area secretes pro-inflammatory cytokines as well as growth factors, including transforming growth factor beta (TGF-β), platelet-derived growth factor (PDGF), fibroblast growth factor (FGF), and epidermal growth factor (EGF). At this stage, bleeding from the wound is halted as blood clots begin to form. In later stages, dendritic epidermal cells (DETC) are stimulated by keratinocytes to produce fibroblast growth factor 7 (FGF-7), keratinocyte growth factor (KGF), and insulin-like growth factor (IGF). These factors facilitate processes such as keratinocyte proliferation and division. TGF-β1 promotes the division and mobilisation of fibroblasts, enhancing collagen synthesis and the angiogenesis process (Tavakoli, et al., 2022). Growth factors are critical at every stage of wound healing and tissue repair, initiating specific cellular activities that aid in these processes. 

 

Immunomodulation 
When human iPSC-derived cells are introduced into damaged tissue, they can modify body’s immune response. Anti-inflammatory cytokines such as interleukin-10, are secreted to supress inflammation, thereby supporting tissue repair. Immunomodulation involves various mechanisms including macrophage polarisation. Macrophages are a type of white blood cell derived from monocytes produced n the bone marrow. They play significant roles in immunity processes such as phagocytosis, antigen presentation, cytokine production, and tissue repair. Macrophages are versatile immune cells capable of adjusting their behaviour and responses to specific signals from the external environment. Their plasticity allows them to influence many fundamental aspects of wound healing.
 Macrophages exist in various activation states, categorised as M1 and M2 phenotypes. M1 macrophages are activated and contribute to the inflammatory phase of tissue repair by producing pro-inflammatory cytokines and enhancing tissue clearance. M2 macrophages are alternatively activated and help resolve inflammation and the repair damaged tissue. Additionally, Th2 cytokines such as interleukin-4 (IL-4) and interleukin-10 (IL-10), are key mediators of the transition between the inflammatory and anti-inflammatory responses carried out by the M1 and M2 macrophages respectively (Chen, et al., 2023).
 

Direct Differentiation

Direct differentiation is the process of modifying the genes of certain cells to transform them into specialised cell types. This process occurs through interaction of target cells with external factors enabling them to play a role in tissue repair (Stem Cell Regeneration Centre, 2023). 

 

Cell Adhesion 

Cell adhesion refers to the ability of a cell to attach to another cell or to the extracellular matrix. This process is crucial in direct differentiation, as it influence the composition of tissues in the human body. A lack of cell adhesion can lead to various diseases, including arthritis, cancer and atherosclerosis (Ahmad Khalili, et al 2015). 

Cells have specialised regions where they make contact with surrounding cells or the extracellular matrix. These adhesion sites are essential for cells to sense their environment and respond accordingly. They also help maintain the integrity and shape of the cells. Focal adhesions which consist of transmembrane proteins known as integrins, span the cell membrane and bind to specific molecules in the extracellular matrix or on the surfaces of other cells. Integrins acts as bridges between the extracellular environment and the cell’s internal environment, referred to as the cytoskeleton. 

In the context of focal adhesion, the cytoskeleton is a network of actin filaments that structurally supports the cell and allows it to change shape. The focal adhesion complex links integrins to the actin cytoskeleton and is responsible for transferring mechanical forces between a cell and its surroundings. A process called mechanotransduction involves the generation and transfer of mechanical forces from cells to the actin cytoskeleton facilitating cell signalling. This signalling is a vital component of iPSC-derived cell migration, proliferation, and overall tissue repair (Ahmad Khalili, et al 2015).  

 

Cell Migration 

The migration of stem cells is typically initiated by proteins such as cytokines, growth factors, and chemokines. Various signalling pathways guide this movement. Stem cell migration is activated by factors like chemokine C-X-C motif ligand 12 (CXCL12 or SDF-1), macrophage inflammatory protein 1 (MIP-1), hepatocyte growth factor (HGF), vascular endothelial growth factor (VEGF), and platelet-derived growth factor (PDGF). In the of mesenchymal stem cells (MSCs), migration occurs when these molecules bind to cell surface receptors, triggering a series of events that allow the cell to move.
 Signalling pathways facilitate communication between the receptors and cellular systems, with Small G proteins and molecules such as C-X-C Chemokine receptor type 4 (CXCR4), Phosphoinositide 3-kinase (PI3K), and Mitogen-activated protein kinase (MAPK) transmitting information to the nucleus, where gene expression takes place, enabling stem cell movement. Hypoxia, or low oxygen levels, promotes this migration process. As a common phenomenon in various physiological and pathological conditions, hypoxia stimulates a range of adaptive responses in stem cells. It also triggers the upregulation of migration-related genes in mesenchymal stem cells preparing them to react effectively to existing migration signals.
Upon reaching their target location, the stem cells interact with the surrounding tissue and release enzymes that break down the extracellular matrix, the supportive structure of the affected area. By degrading the extracellular matrix, stem cell creates pathways that facilitate their movement and attachment to the tissue (Maeda, 2020). Although this mechanism is highlighted with MSCs, a similar process occurs with human induced pluripotent stem cells (hiPSCs). Like MSCs, hiPSCs respond to growth factors that stimulate their movement towards specific areas of the body. They, too are attracted by factors such as CXCL12 (SDF-1), MIP-1. HGF, VEGF, and PDGF, which are influenced by hypoxic preconditioning to enhance their migratory potential. Ultimately, they interact with and modify the extracellular matrix to integrate themselves into the damaged tissue area initiating the healing process. 

 

Skin Therapy

 Human induced Pluripotent Stem Cells (hiPSCs) can be utilised in the repair of damaged skin tissue, referring specifically to a particular type of therapy. The skin, being the largest organ in the human body, is susceptible to various conditions and complications. It comprises three layers: the epidermis (outermost layer), the dermis, and the hypodermis. The epidermis consists of specialised cells known as keratinocytes which produce the protein, keratin and form a tough, waterproof barrier for the skin. Within the epidermis, cells called melanocytes produce melanin, a pigment that helps protect the skin from UV radiation and provides its colour. Beneath the epidermis lies the dermis, a thicker layer made up of the extracellular matrix, connective tissue, and blood vessels. The extracellular matrix consists of proteins, including collagen type 1, and glycosaminoglycans (GAGs), which are produced by fibroblasts. (Tavakoli, et al., 2022). Fibroblasts are a type of cell that aids in the formation of connective tissue. They release collagen proteins that help maintain the structure and integrity of various tissues (Sidransky, 2024). The deepest layer of the skin, located under the dermis, is called the hypodermis which consists of adipose tissue, along with nerves and blood vessels. The primary functions of adipose tissue are to insulate the skin, maintain optimum temperature, and provide cushioning to protect against mechanical trauma.
 The process of skin tissue healing involves a range of cell types, including keratinocytes, fibroblasts, and endothelial cells. Other elements such as growth factors, cytokines, and chemokines are also involved. Cutaneous wound healing is a complex biological process that restore the function and integrity of the skin. The phases of this healing process include homeostasis, inflammation, proliferation, and remodelling. 

During homeostasis phase, chemokines are generated as a result of blood clots formed from fibrin and platelets. These chemokines signal inflammatory cells and other immune cells initiating the inflammatory phase.  The surrounding blood vessels dilate, and capillaries become more permeable, allowing macrophages, cytokines and white blood cells to migrate into the damaged area. Phagocytes engulf foreign materials and pathogens through a process called phagocytosis, clearing debris from the affected skin cells. Growth factors and additional cytokines are produced to activate keratinocytes, fibroblasts and inflammatory cells. Neutrophils generate antimicrobial peptides, proteases, and reactive oxygen species to destroy pathogens. If blood vessels are damaged during injury, coagulation occurs, leading to the release of transforming growth factor-β (TGF-β), platelet-derived growth factor (PDGF) and vascular endothelial growth factor (VEGF). These factors activate tissue oedema and inflammation. The functions of these growth factors are as follows: the vascular endothelial growth factor stimulates the movement of endothelial cells, epithelial cells, and leukocytes towards the damaged area, while TGF- β enables leukocytes and fibroblasts to release tumour necrosis factor - alpha (TNF-α), interleukin -1 (IL-1), PDGF, and chemokines that induce inflammation. The secreted chemokines work to attract leukocytes to the affected site. Once inflammation occurs, angiogenesis is stimulated by the stem cells releasing proteins such as insulin-like growth factor 1 (IGF-1), platelet-derived growth factor – BB (PDGF-BB) and angioprotein-1. 

In the proliferation phase, activated fibroblasts, endothelial cells, and keratinocytes facilitate the formation of granulation tissue and re-epithelialisation. This re-epithelialisation is critical for the healing of wounds (Tavakoli, et al., 2022; Rousselle, et al., 2019). Initially, blood vessels and granulation tissue form at the wound site, creating a scaffold structure for blood capillaries and lymphatic vessels to grow. The presence of these vessels ensures an adequate supply of oxygen and nutrients to the target area. The endothelial cells multiply around the edges of the damaged area supporting tissue repair, and forming a provisional matrix. Fibroblasts break down this matrix and create a new extracellular matrix replacing damaged tissue with scarring made of connective tissue. Various growth factors and cytokines such as TGF - β promote extracellular matrix synthesis by recruiting additional fibroblasts. Debris clearance and matrix degradation are performed by neutrophils and monocytes leading to the formation of a new extracellular matrix that contains high amounts of ‘hyaluronan’, facilitating cell migration to the injured area. As the granulation tissue is produced, a few fibroblasts convert into myofibroblasts under the impact of transforming growth factor-β1 (TGF-β1) and various other factors. The converted myofibroblasts then generate contractile forces which enhance the closing and repair of the wound or damaged tissue.
The final phase of skin repair is called remodelling. In this stage, collagen forms a framework, and macrophages secrete metalloproteinases that initiate the production of type 8 collagen to maintain tissue integrity. Collagen synthesis continues for an extended period and is supported by an increase in the number of fibroblasts. Additionally, collagen type 3 is replaced by collagen type 1 which is a stronger protein. This is followed by a series of divisions of the fibrillar collagen, which strengthens the produced scar tissue. 
Oxygen plays a major role in this final phase as it is necessary for the generation of mature collagen protein and the accumulation of fibroblasts. It is also required for the hydroxylation reaction where a hydroxyl group (-OH) is added to proline and lysine in procollagen chains. Proline and lysine are both amino acids, and their hydroxylation is essential for the structural stability of collagen. The remodelling of the extracellular matrix is the final and longest stage of skin tissue healing. During this stage, the granulation tissue matures, eventually leading to scar formation. The duration of the remodelling stage is due to the time it takes for scar tissue to develop after the skin tissue has been restored (Tavakoli, et al., 2022). 

 

 Illustrations and data analyses of findings from iPSC-related clinical trials.
 

1. Clinical trials for iPSC-related research 

  

 

Fig. 2. Clinical trials for iPSC-related research 
(Kim, et. al., 2022)
                                              

 

Figure 2a. First classification of iPSC clinical trials against the Number of Trials

Figure 2b. Second classification of iPSC clinical trials against the Number of Trials
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Figure 2c. Number of Trials Against types of Non-Therapeutic Trials
  

 

The data from the graphs reveal three main findings regarding clinical trials involving induced pluripotent stem cells (iPSCs).
Figure 2a illustrates that the iPSC-related trials were categorized into interventional and observational trials. Interventional trials aim to test the effectiveness of iPSCs in disease prevention and/or treatment, while observational studies focus on monitoring the natural progression diseases in participants. The data shows that there were 30 interventional trials and 51 observational trials conducted. This indicates a significant interest in exploring the therapeutic potential of iPSCs. However, the considerably larger number of observational studies suggests a strong emphasis on understanding disease progression and assessing the safety profile of iPSC interventions before they are applied in clinical settings.
Figure 2b present information on trials conducted for both therapeutic and non-therapeutic uses of iPSCs, revealing that there were 19 therapeutic tests and 62 non-therapeutic tests. Therapeutic tests may include iPSC-related treatments for diseases, whereas non-therapeutic tests typically investigate disease mechanisms and generation of models. The greater number of non-therapeutic tests likely reflects the belief that understanding disease biology is crucial for identifying potential targets for future iPSC therapies. This emphasis on understanding disease mechanism is further highlighted in Figure 2c, which indicates that a significant majority of non-therapeutic trials focused on disease modelling, surpassing the number of other types of trials conducted.

 

2. Prevalence of somatic mosaicism in Down syndrome patients’ cells

 

A study by Steichen, et.al, found that induced pluripotent stem cells (iPSCs) derived from fibroblasts in patients with Down syndrome exhibited somatic mosaicism. 90% of the cells carried the characteristic trisomy of chromosome 21, while 10% had a normal chromosome make-up. 

 

 

 

 

 

Figure 3. Karyotype (Trisomy Against Euploid)
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This data indicates that within the population of fibroblasts obtained from Down syndrome patients, there was a significant level of somatic mosaicism. This led to the derived iPSCs possessing their own unique mutations. Furthermore, the findings suggest that somatic mosaicism occurs not only in cells originally affected by the syndrome, but also in the pluripotent stem cells generated from them. This underscores the importance of carefully selecting cell types and the source individuals when generating iPSCs. It also highlights the necessity of subjecting cell populations to thorough characterization to ensure their safety and functionality.

 

Conclusion 
Based on various literature reviews concerning ontogenesis and the application of induced pluripotent stem cells (iPSCs), it is evident that somatic cells can be converted into pluripotent stem cells through a process known as cell reprogramming. Somatic cells can be reprogrammed via cell fusion, which involves combining cells to form a hybrid cell that possesses pluripotent characteristics. Understanding the mechanisms and nature of each reprogramming technique used is crucial for advancing the development and clinical application of iPSCs.
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