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Genetic disorders, which arise from hereditary mutations, frequently lead to chronic or 

potentially fatal health issues with limited therapeutic alternatives. Stem cell therapy 

presents a promising approach by facilitating the regeneration of damaged tissues and 

the rectification of genetic anomalies. This review examines contemporary strategies 

employing hematopoietic, mesenchymal, and induced pluripotent stem cells (iPSCs) for 

the treatment of genetic disorders. The incorporation of gene editing technologies, such 

as CRISPR-Cas9, has broadened the scope of therapeutic interventions, especially for 

monogenic disorders, including sickle cell disease, β-thalassemia, and severe combined 

immunodeficiency. Additionally, the review addresses emerging applications of these 

therapies in the context of neurodegenerative and metabolic diseases. Despite persistent 

challenges concerning safety, delivery mechanisms, and the long-term effectiveness of 

these treatments, advancements in stem cell-based therapies are progressing swiftly 

toward clinical implementation. These developments signify a pivotal transition in the 

realm of genetic medicine, moving from mere symptom management to the prospect of 

potentially curative interventions. 
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INTRODUCTION 

Regenerative medicine is recognized as a 

promising new avenue for treating previously 

untreatable diseases in contemporary science [1]. 

This field is inherently multidisciplinary, 

encompassing areas such as cell biology, genetics, 

biomechanics, materials science, and computer 

science [2,3]. The primary objective of 

regenerative medicine is to restore normal 

functionality to damaged cells and tissues [4]. 

Following the discovery of stem cells and a 

growing awareness of their distinctive properties, 

these cells have been established as potential 

therapeutic agents for the repair of organs and 

tissues, making them excellent candidates for 

https://www.ijpsjournal.com/
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regenerative medicine due to their numerous 

possible applications [5]. Researchers are now 

exploring regenerative medicine as an alternative 

to conventional drug-based therapies, particularly 

in the context of various diseases, including 

degenerative conditions [6,7,8,9,10]. The 

fundamental principle of regenerative medicine 

involves the regeneration of tissues or organs 

utilizing cells, with a variety of cell types 

employed to achieve this goal. However, existing 

studies have highlighted certain limitations 

associated with cell therapy. In recent years, 

several alternatives have been proposed to address 

these limitations, such as enhancing the 

application of stem cells for tissue restoration 

through methods like cell-scaffold combinations, 

optimized cell cultures with appropriate 

biochemical characteristics, gene editing, 

immunomodulation of stem cells, and the use of 

derivatives from stem cells [11,12,13,14,15]. 

Nonetheless, the clinical application of these 

alternatives may be delayed, as further preclinical 

research is needed due to their status as emerging 

technologies [16].  Stem cells represent a category 

of immature cells endowed with the potential to 

generate and repair various tissues and organs 

throughout the body due to their unique abilities 

for proliferation, differentiation, and self-renewal 

[17]. They have therapeutic effects that enhance 

physical recovery by regenerating damaged cells 

to facilitate the healing of organs. Leveraging the 

inherent properties of stem cells, researchers have 

harnessed their biological mechanisms for stem-

cell-based therapies. The diverse mechanisms 

through which stem cells can foster tissue 

regeneration include (1) the inhibition of 

inflammatory pathways [18,19], (2) the reduction 

of apoptosis [20,21], (3) the recruitment of other 

cells [22,23], (4) the stimulation of angiogenesis 

[24,25], and (5) differentiation [26]. The 

underlying cause of a disease is a critical factor in 

determining the appropriate stem cell mechanism 

to utilize, as well as in guiding the regeneration of 

tissues or organs. Extensive investigations are 

necessary to elucidate the key mechanisms 

involved in the therapeutic application of these 

cells, and the alignment of stem cell therapeutic 

mechanisms with disease mechanisms is 

anticipated to enhance the prospects for 

developing effective treatments through stem cell 

utilization. Between 1971 and 2021, a total of 

40,183 scholarly articles were published on stem-

cell-based therapies, all focused on the discoveries 

and objectives associated with "Stem Cell 

Therapy" rooted in the therapeutic effectiveness of 

stem cells [27]. A genetic disorder can be defined 

as an impairment of normal physiological and 

developmental health caused by alterations or 

mutations in an individual's genomic structure. 

These disorders can arise from a variety of 

sources, including chromosomal abnormalities, 

which are deviations from the typical number or 

arrangement of chromosomes, and environmental 

factors. In some instances, the precise origins of 

these disorders remain enigmatic, leading to gaps 

in our understanding of their etiology[28]. 

Environmental influences, including air pollution 

and exposure to hazardous waste sites, have been 

identified as significant contributors to an 

increased risk of structural birth defects among 

vulnerable populations[29]. Various physical 

environmental factors also play a crucial role; for 

instance, maternal drug use, infections acquired 

during pregnancy, and exposure to harmful 

chemicals can adversely affect fetal development, 

further complicating the landscape of genetic 

disorders. The implications of these genetic 

anomalies extend far beyond the initial diagnosis. 

The treatment and management of genetic 

disorders are often financially burdensome and 

fraught with challenges. In many cases, complete 

recovery is not a feasible outcome, leaving 

individuals and their families to navigate the 

complexities of ongoing care and potential lifelong 
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implications. Additionally, many genetic disorders 

are classified as lethal, posing a significant threat 

to affected individuals. It is essential to note that 

lethality in genetic disorders often occurs through 

recessive inheritance patterns; instead of 

remaining prevalent in the gene pool, lethal 

dominant disorders tend to be filtered out by 

natural selection, as carriers of such conditions 

typically do not survive long enough to transmit 

these genes to subsequent generations. The 

prevalence and frequency of various genetic 

disorders within a population are influenced by a 

multitude of factors. These include the genetic 

makeup of that population, which encompasses 

not only inherited traits but also historical and 

socio-economic contexts, as well as the types of 

environmental exposures prevalent in the 

geographical area. Thus, the complex interplay 

between genetic predispositions and 

environmental conditions necessitates a thorough 

examination to understand the distribution and 

impact of genetic disorders in different 

communities, ultimately framing the future of 

healthcare strategies and interventions aimed at 

managing these multifaceted 

conditions[29,30,31]. 

How might stem cells be useful to cure genetic 

diseases: 

Intravenous administration of whole bone marrow 

is a therapeutic approach utilized for patients 

suffering from acute leukemia, bone marrow 

aplasia, and congenital immune deficiencies (32). 

The efficacy of these interventions is contingent 

upon the characteristics of hematopoietic stem 

cells, which are rare entities that serve as the 

benchmark for all research pertaining to adult stem 

cells. Recent advancements have enabled the 

isolation and characterization of adult stem cells 

from diverse tissues, paving the way for innovative 

cell-based therapies aimed at addressing a variety 

of genetic disorders, extending beyond 

hematological conditions (33). A primary 

application of stem cells in the context of genetic 

diseases involves the cellular repair of tissues 

impacted by genetic mutations, wherein stem cells 

devoid of mutations are transplanted to restore 

normal functionality; these stem cells are typically 

sourced from a non-mutated donor that is also a 

tissue match. Alternatively, stem cells may be 

harvested from the patient and subsequently 

genetically modified prior to re-implantation (34). 

These stem cells exhibit the capacity to 

differentiate into the specific cell types necessary 

for the restoration of normal tissue function, and 

they may also serve as cellular models for 

exploring genetic and biochemical pathways, 

particularly when derived from affected 

individuals. In principle, the treatment of 

monogenic disorders would entail the rectification 

of the defective gene via genetic engineering. 

However, this seemingly straightforward approach 

is complicated by the fact that the implications of 

the mutated gene can vary significantly across 

different cells and tissues, depending on the level 

of gene expression. For instance, the gene 

mutation associated with cystic fibrosis is 

expressed in multiple epithelial tissues and results 

in a range of symptoms (35). Consequently, gene 

therapy aimed at cystic fibrosis has primarily 

targeted the lung epithelium, as it is more 

accessible and because excessive mucus 

production is a predominant cause of mortality. In 

contrast, identifying a straightforward target for 

gene therapy in Huntington’s disease—a 

neurodegenerative condition affecting numerous 

regions of the brain—is less clear, unless the 

intervention is directed at the germ line or early 

developmental stage. Conversely, hemophilia and 

sickle cell anemia, which are hematological 

disorders, are associated with genes that perform 

more specialized functions, enabling therapeutic 

manipulation of thestem cells responsible for 
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generating the affected blood cell types (36). It 

thus appears not unexpected that the only stem cell 

therapies currently employed in clinical settings—

including those involving genetically modified 

stem cells—are predominantly focused on blood 

disorders (33), with all existing therapies utilizing 

adult stem cells, many of which are autologous. 

Genetically engineered stem cell therapy is 

anticipated to be most effectively applied in the 

context of monogenic diseases, as it typically 

requires the modification or insertion of a single 

gene. Nevertheless, discernible therapeutic 

strategies may still pose challenges when the target 

gene exerts influence across multiple tissues, 

necessitating intervention at various sites of 

transplantation. Overall, the most promising 

therapies for stem cell transplantation will likely 

emerge in scenarios where a single cell type can be 

transferred to a specific location. Some stem cell 

therapies hold the potential for curative outcomes, 

such as the application of genetically modified 

hematopoietic stem cells in the treatment of severe 

combined immune deficiency (37), while others 

may only aim to ameliorate specific symptoms. A 

pertinent example of the latter is the 

transplantation of genetically modified 

GABAergic neurons, sourced from stem cells, into 

the brain striatum to address the motor symptoms 

associated with Huntington’s disease. 

Advancing Cell Therapy For Neurodegenrative 

diseases: 

NSCs are responsible for the construction of the 

CNS, generating various types of neurons and glial 

cells, and hold great promise for replacement 

therapies in conditions where different cell types 

are lost(41). Clinical trials have explored the use 

of human fetal-derived NSCs for neurological 

ailments such as Batten disease, Pelizaeus-

Merzbacher disease, spinal cord injuries, AMD, 

and AD(42). The transplantation of NSCs has been 

shown to be safe and has exhibited signs of 

positive effectiveness. A human fetal-derived NSC 

line that was modified to express GDNF enhanced 

motor neuron survival and extended the lifespan of 

animals in a SOD1 rat model of ALS(43,44), and 

showed safety in an early-stage clinical trial 

(NCT05306457)(45). Administering cells poses 

challenges in treating any neurodegenerative 

disease; typically, the initial method considered is 

direct cell injection. Numerous studies suggest that 

using NSCs with high a4b1-integrin expression for 

intravascular delivery can be effective, with 

proven brain penetration and improved outcomes 

observed in an ALS mouse model(46). NSCs 

exhibit significant regional and temporal diversity, 

which affects their capacity to produce specific 

progenitor types(47). NSCs in mice, when 

patterned to the visual cortex, can survive and 

form appropriate connections if transplanted into 

the visual cortex but not when placed in the motor 

cortex of adult mice(48). Therefore, aligning the 

NSC product with the target region may be crucial 

for achieving successful multicellular replacement 

across various CNS areas. In HD, the degeneration 

of striatal medium spiny neurons leads to severe 

deterioration of the basal forebrain and cerebral 

cortex. Transplanting hESC-derived NSCs into a 

postnatal day 6 mouse model of HD resulted in 

better histological outcomes and improved motor 

and cognitive functions(49). Similarly, the 

transplantation of hiPSC-derived NPCs led to the 

production of neurons, astrocytes, and 

oligodendrocytes, enhancing both cognitive and 

motor functions in an HD mouse model, with 

outcomes surpassing those achieved with human 

GCPs(50). These studies illustrate the 

effectiveness of utilizing multipotent progenitors 

to replenish lost CNS cell types. Furthermore, the 

addition of developing vascular cells alongside 

NPCs enhanced engraftment and vessel structure 

in a mouse model of stroke, indicating the 

potential for more complex, mixed cell therapies 
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for extensive CNS repair(51). hPSC-derived 

cortical organoids that were engrafted into the 

brains of neonatal rats received thalamocortical 

and corticocortical inputs, extended their axons, 

and responded to optogenetic stimulation, which 

drove reward-seeking behavior(52). In the adult 

mouse cortex, human cerebral organoids also 

successfully engrafted, became vascularized, and 

demonstrated microglial colonization, rhythmic 

electrical activity, and graft-host connectivity in 

response to optogenetic stimulation(53). Notably, 

cortical organoids transplanted into adult mice 

equipped with electrodes to monitor brain activity 

integrated well and showed electrophysiological 

cortical responses to visual stimuli(54). Successful 

transplantation of organoids into the cerebral 

cortex of monkeys has also been achieved(55). 

These findings imply that in the future, hPSC-

derived 3D neural grafts could potentially address 

significant aspects of the multifaceted, regional 

neural cell loss associated with complex 

neurodegenerative conditions. 

Organoids derived from human pluripotent 

stem cells for the purposes of drug discovery 

and assessment: 

Human pluripotent stem cells (hPSCs), which 

encompass both human embryonic stem cells 

(hESCs) and induced pluripotent stem cells 

(iPSCs), are characterized by their unique 

capability to undergo self-renewal while also 

differentiating into nearly all types of terminally 

differentiated cells found within the human 

organism. The initial derivation of hESCs 

occurred in 1998 from the inner cell mass of pre-

implantation embryos(56,57). Subsequently, in 

2006, mouse fibroblasts were successfully 

reprogrammed into pluripotent cells referred to as 

iPSCs(58). A short time thereafter, human iPSCs 

(hiPSCs) were also generated(58,59). Since their 

identification, substantial efforts have been 

directed towards utilizing hPSCs for applications 

in disease modeling and drug development. iPSCs 

have been generated from both patients with 

specific diseases and healthy individuals to 

investigate the cellular phenotypes associated with 

disease progression. Isogenic hPSCs have been 

employed to examine the effects of individual 

genes, regulatory regions, or genetic variants (such 

as single-nucleotide polymorphisms [SNPs]) on 

cellular differentiation outcomes(60).(Figure1) 

These models have been extensively utilized as 

platforms for drug discovery and as predictive 

tools for drug responses, facilitating the creation of 

innovative therapeutic candidates and advancing 

the field of precision medicine. In the initial phases 

of research utilizing human pluripotent stem cells 

(hPSCs) for disease modeling, the primary focus 

was on two-dimensional (2D) cell cultures. While 

2D cultures are relatively straightforward to grow 

and amenable to high-throughput and high-content 

screening, they exhibit a monotypic nature and 

lack the complex cell types and appropriate cell-

cell interactions characteristic of three-

dimensional (3D) structures. Over the past decade, 

notable advancements have been achieved in the 

development of 3D organoids, which more 

accurately replicate the anatomy and physiology of 

the target organs by closely mimicking gene and 

protein expression patterns, as well as cellular 

architecture. 
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Figure 1. Strategies for using hPSC-derived organoids in disease modeling 

The term "organoids" encompasses a range of 

definitions; however, they are typically 

characterized as three-dimensional structures that 

originate from stem cells, progenitor cells, or 

differentiated cells. These structures are capable of 

self-organization, thereby mimicking the 

architecture of native tissue in vitro(61). 

Organoids consist of various cell types arranged in 

an organized manner, offering a more 

physiologically relevant environment compared to 

traditional two-dimensional cell cultures. 

Additionally, their scalable nature renders them 

suitable for high-throughput drug discovery 

studies. This aims to encapsulate the 

advancements made in employing human 

pluripotent stem cell-derived organoids for drug 

discovery and genetic screening, as outlined in 

Table 1. 
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Table 1: hPSC-derived organoids used in chemical and genetic screens(62-90) 
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Future prospects of stem cell strategies: 

The potential of stem cell-based approaches for 

addressing neurodegenerative genetic disorders is 

on the brink of revolutionizing therapeutic 

methods and the overall drug development 

process. Organoids derived from human 

pluripotent stem cells (hPSCs)—notably brain 

organoids—are becoming instrumental for 

simulating intricate neurological disorders, 

including Alzheimer's disease, Parkinson's 

disease, Huntington's disease, and amyotrophic 

lateral sclerosis (ALS). These three-dimensional 

miniaturized organs replicate the cellular structure 

and function of the human brain, allowing 

investigators to explore disease mechanisms 

within a physiologically pertinent context. As 

advancements in these models continue, with 

enhancements such as the incorporation of 

vascular and immune elements, they are 

anticipated to provide a more precise 

representation of in vivo conditions. This 

progression is likely to improve the fidelity of drug 

screening processes and toxicity evaluations. 

Furthermore, the integration of stem cell 

technologies with CRISPR-Cas9 and other precise 

gene-editing methodologies facilitates the 

rectification of pathogenic mutations in cells 

derived from patients, thereby setting the 

foundation for tailored regenerative therapies. 

Over time, organoids specific to individual 

patients could function not solely as platforms for 

diagnostics and drug testing but also as sources of 

autologous, genetically corrected cells for 

transplantation. Moreover, progress in the 

scalability of organoids, bioprinting techniques, 

and their incorporation with artificial intelligence 

is anticipated to enhance high-throughput 

screening and improve predictive models of 

treatment responses. From a clinical perspective, 

the translation of these discoveries into viable 

treatments will depend on overcoming current 

limitations such as organoid maturity, 

vascularization, and functional integration post-
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transplantation. However, ongoing global 

collaboration between stem cell biologists, 

neurologists, and bioengineers is rapidly 

addressing these challenges. In the years ahead, 

stem cell-derived organoids will likely become 

central to personalized medicine, offering hope for 

curative interventions for devastating 

neurodegenerative genetic disorders that currently 

lack effective therapies 

CONCLUSION: 

Stem cell strategies, ranging from mutation 

correction to regenerative applications, have 

emerged as a formidable means for tackling 

genetic disorders, particularly in the context of 

neurodegenerative diseases. The advancement of 

organoids derived from human pluripotent stem 

cells has significantly transformed our capacity to 

model these intricate disorders in vitro, thereby 

providing unparalleled opportunities for 

advancing the study of disease progression, 

evaluating drug efficacy, and assessing toxicity 

within a human-relevant framework. These 

innovations not only deepen our comprehension of 

disease mechanisms but also expedite the 

advancement towards personalized and 

regenerative therapies. Despite ongoing 

challenges associated with scalability, clinical 

translation, and ethical considerations, the 

continued evolution of stem cell research presents 

substantial potential for revolutionizing the 

therapeutic approaches to genetic and 

neurodegenerative diseases in the foreseeable 

future. 
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