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ABSTRACT 

Recent advancements in medical treatments, particularly gene therapy using hematopoietic stem cells 

(HSCs), have significantly impacted the treatment of inherited blood disorders. HSCs can self-renew 

and differentiate into blood cells, making them essential for treating conditions like sickle cell anemia, 

thalassemia, and severe combined immunodeficiency (SCID). This study conducted a literature 

review on autologous stem cell therapy for genetic blood disorders, analyzing studies from databases 

such as PubMed and Scopus. Gene therapy corrects genetic defects in HSCs, offering an alternative to 

allogeneic transplantation by avoiding immune rejection. The therapy involves modifying stem cells 

in the lab, often through viral vectors or gene-editing tools, and reinfusing them into the patient to 

produce healthy blood cells long-term. Lentiviral vectors, considered safer than retroviruses, have 

been particularly effective in treating various conditions, including immunodeficiencies and 

hemoglobinopathies. The ex vivo gene transfer approach, commonly used for genetic disorders, has 

shown promise for one-time curative treatments, especially for pediatric diseases. However, early 

gene therapy efforts, such as the use of gamma-retroviral vectors for SCID, faced complications like 

leukemia, leading to a shift towards safer lentiviral vectors. Despite its complexity, the procedure has 

a low failure rate and provides a less risky alternative to traditional allogeneic stem cell transplants. 

Ultimately, HSC gene therapy holds significant potential for curing genetic blood disorders by 

permanently altering the stem cells, ensuring long-term benefits and improved treatment outcomes, 

with ongoing advancements in safety and efficacy. 
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INTRODUCTION 

In medical science, the search for 

effective treatment methods continues to 

motivate researchers to develop new solutions 

that can enhance patient well-being. One 

significant advancement in this field is 

innovative gene therapy utilizing 

hematopoietic stem cells (HSCs) (Giommetti 

& Papanikolaou, 2024). The remarkable 

ability of HSCs to self-renew for long periods 

and differentiate into various blood cell types 

makes them highly valuable in the medical 

field. Hematopoietic stem cell transplantation 

(HSCT) has proven effective and is widely 

accepted as a treatment procedure for inherited 

metabolic diseases and blood-related disorders 

(Giommetti & Papanikolaou, 2024). 

Transplantasi sel punca hematopoietik (HSCT) 

alogenik pertama kali berhasil diterapkan 

dalam pengobatan defisiensi imun gabungan 

berat terkait-X (X-SCID) dan sindrom 

Wiskott-Aldrich (WAS) (Gatti et al., 1968; 

Bach et al., 1968). Autologous HSCT 
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represents a significant advancement in 

reducing the risk of graft rejection and 

complications often associated with allo-

reactivity. Therefore, the combination of 

autologous HSCT with HSC gene therapy has 

been explored as an alternative treatment 

approach not only for addressing hematologic 

cancers but also for various genetic diseases, 

such as severe immunodeficiencies, 

hemoglobinopathies, and metabolic disorders 

(Hatzimichael & Tuthill, 2010). 

Gene therapy involves the insertion of 

nucleic acids, either DNA or RNA, into target 

cells for therapeutic purposes. This approach 

aims to introduce new healthy genes (additive 

gene therapy) or to correct genetic mutations 

(gene editing). In this context, autologous gene 

therapy utilizing hematopoietic stem cells 

(HSCs) as targets offers an appealing 

alternative to allogeneic stem cell 

transplantation, as it avoids the risk of immune 

complications, including graft-versus-host 

disease (Dunbar et al., 2018). 

Gene therapy using autologous HSCs 

opens new opportunities in treatment, 

expanding the scope of applications for 

allogeneic hematopoietic stem cell 

transplantation (allo-HSCT). In addition to 

addressing blood disorders such as primary 

immunodeficiencies (PID), 

hemoglobinopathies, or stem cell defects, this 

approach also offers potential in treating 

metabolic diseases. This is achieved through 

cross-correction, where circulating mature 

blood cells can produce missing or abnormal 

proteins, which are then directed to tissues in 

need. In some cases, this gene therapy may 

provide better outcomes than allo-HSCT, as 

therapeutic proteins expressed at higher-than-

normal levels can reach affected non-

hematopoietic cells and tissues, such as in 

mucopolysaccharidosis or Fabry disease. This 

approach is supported by over 30 years of 

experience in bone marrow manipulation, as 

well as a deep understanding of autologous 

and allo-HSCT, including the ease of isolating 

HSCs and HSPCs through CD34+ selection, 

and the ability of HSCs to return to their origin 

after intravenous infusion (Staal et al., 2019). 

MATERIALS AND METHODS

This study employed a narrative 

literature review method to examine autologous 

stem cell therapy in the treatment of genetic 

blood disorders. Literature was sourced from 

PubMed, Scopus, and Google Scholar 

databases (2015–2024) using keywords related 

to the topic. Articles were selected based on 

relevance, qualitative or quantitative 

methodology, and availability in English, and 

were systematically evaluated using the 

PRISMA method. These criteria encompassed 

aspects such as relevance to the topic, the type 

of study, publication year, and the quality of the 

methodology. Data were analyzed descriptively 

and thematically to identify patterns, themes, 

and research gaps. The selected studies 

underwent a thorough screening process based 

on inclusion and exclusion criteria outlined in 

the protocol. Only studies that fulfilled these 

requirements were incorporated into the review.

 

RESULT AND DISCUSSION 

Genetically inherited blood disorders 

became the first type of condition successfully 

addressed through gene therapy. These 

disorders, caused by single-gene mutations, 

affect the formation or function of blood cells 

and include: 1) hemoglobinopathies, which 

impact red blood cells, such as sickle cell 

anemia and thalassemia; 2) inborn errors of 

immunity (IEI), which affect immune cells 

like neutrophils, macrophages, or 

lymphocytes; 3) lysosomal storage diseases 

and certain types of leukodystrophies, 

involving tissue macrophages and microglial 

cells in the brain; and 4) conditions leading to 
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hematopoietic stem cell (HSC) dysfunction 

and genomic instability, such as Fanconi 

anemia. These diseases can be treated with 

transplantation of normal HSCs obtained from 

immunologically compatible healthy donors 

(allogeneic transplantation), enabling the 

regeneration and production of healthy blood 

cells (Kohn et al., 2023). 

The most commonly explored gene 

transfer approach in hematopoietic stem cells 

to date is the ex vivo method. In this 

technique, HSCs are harvested from the 

patient and genetically modified through viral 

transduction or gene editing to correct 

abnormal phenotypes. After the patient 

undergoes preconditioning, the engineered 

cells are reintroduced into the body, where 

they can self-renew and differentiate into 

various types of blood cells, thereby 

establishing a long-term reserve of modified 

HSCs. By conducting the manipulation in a 

controlled laboratory environment, researchers 

can ensure the cells' characteristics and 

functionality before transplantation. This 

approach offers the potential for a one-time 

curative treatment, thanks to the ability of 

corrected HSCs to engraft. It presents a highly 

promising therapeutic option for addressing 

blood and immune system disorders 

(Giommetti & Papanikolaou, 2024). 

Stem Cell Therapy Procedures for 

Patients with Inherited Blood Cell 

Diseases 

The stem cell-based gene therapy 

approach for treating pediatric diseases 

involves collecting CD34+ cells, which are 

rich in HSCs, from the patient. These cells are 

typically sourced from bone marrow or, more 

recently, mobilized peripheral blood. In a 

GMP laboratory, the cells are cultured with 

cytokines and viral vectors, followed by a 

series of quality control steps before being re-

infused into the patient. To ensure the process 

runs optimally, the cells are often 

cryopreserved temporarily to allow for quality 

testing and transportation to transplant 

facilities that may be located far from the 

production site. Once re-infused, the HSCs 

home back to their niche, differentiate into 

various types of mature blood cells, and 

effectively address the patient's clinical 

condition (Staal et al., 2019). 

Various types of viral vectors have 

been employed in gene therapy; retroviruses 

are often chosen to transform hematopoietic 

stem cells (HSCs) due to their unique ability to 

stably integrate viral genes into the genome of 

the human host (Staal et al., 2008). In the 

context of gene therapy, retroviruses have 

been modified to be replication-incompetent, 

retaining only essential genes. These elements 

are integrated through co-transfection with 

different plasmids into trans-complementary 

cells, which encode the transgene construct as 

well as critical viral structural components 

such as gag, pol, and env, to produce 

infectious viral particles (Staal et al., 2019). 

Therapy Success 

Severe combined immunodeficiency 

(SCID) represents one of the earliest successes 

of gene therapy in the clinical field. This 

condition is the most severe form of congenital 

immunodeficiency in humans, characterized 

by the absence of T and B lymphocyte 

function, leaving infants highly susceptible to 

life-threatening infections and facing high 

mortality rates without treatment. SCID is the 

first genetic blood cell disease successfully 

cured through hematopoietic stem cell (HSC) 

transplantation from a donor (Gatti et al., 

1968; Pai et al., 2014). 

Early success in restoring immune 

function was achieved through the use of 

murine gamma-retroviral vectors to transfer 

the XSCID (IL2RG) and ADA SCID (ADA) 

genes into the patient's hematopoietic stem 

cells (HSCs) (Cavazzana-Calvo et al., 2000; 

Aiuti et al., 2002). This therapy resulted in 

significant clinical immune recovery and 

overall good health. However, two years or 
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more after these genetic procedures, serious 

complications in the form of leukemia were 

found in 6 out of 20 XSCID patients due to the 

vectors used. A similar issue was recently 

reported in ADA SCID patients (Hacein-Bey-

Abina et al., 2003; Howe et al., 2008; 

Cavazzana et al., 2019). 

In this field, there has been a shift 

towards the use of lentiviral vectors, which are 

considered safer due to their lower risk of 

genotoxicity compared to gamma-retroviral 

vectors, and are also more effective in 

transducing human HSCs. Various types of IEI 

have been successfully treated with HSCGT 

using lentiviral vectors, such as in cases of 

Wiskott-Aldrich syndrome, chronic 

granulomatous disease, and leukocyte 

adhesion deficiency type I (Aiuti et al., 2013; 

Kohn et al., 2020; Magnani et al., 2022; Kohn 

et al., 2022). 

Complexity of Autologous HSC Production 

The production process for genetically 

modified autologous hematopoietic stem cell 

(HSC)-based therapies involves complex 

steps. Each autologous product requires the 

collection of stem cells specifically sourced 

from the patient. This stage is clinically 

challenging as it involves administering G-

CSF for 5–7 days for mobilization, inserting a 

central venous catheter for apheresis, and 

conducting 1–3 leukapheresis sessions (Kohn 

et al., 2023). 

The isolation of CD34+ cells and 

genetic modification using lentiviral vectors or 

gene-editing technology via electroporation 

have established standards. However, these 

activities still require hours of cell processing 

in cleanroom-standard laboratory facilities. 

Although the production failure rate is 

relatively low, nearly all batches meet the 

requirements for purity, potency, identity, and 

safety. Furthermore, applying the modified 

stem cells in clinical transplantation with 

moderate to intensive conditioning 

chemotherapy necessitates intensive inpatient 

medical care for several weeks. 

Comparatively, the standard clinical procedure 

used for similar disorders, allogeneic stem cell 

transplantation (HSCT), has an equivalent or 

even higher level of complexity (Kohn et al., 

2023). 

Genetic Modification of HSCs 

Gene therapy approaches for genetic 

blood cell disorders are based on the 

hypothesis that hematopoietic stem cell 

transplantation (HSCT) using genetically 

modified autologous stem cells (HSCs) can 

provide benefits comparable to allogeneic 

HSCT but with a lower risk of immunological 

complications. To achieve effectiveness, 

genetic modifications in HSCs must be 

permanent, ensuring that the corrections 

persist alongside the proliferation of HSCs and 

their derivatives. This process requires 

complex, patient-specific cell processing after 

HSC collection through various methods, such 

as bone marrow aspiration, PBSC mobilization 

via leukapheresis, or umbilical cord blood 

extraction. Processing follows Good 

Manufacturing Practice (GMP) standards, 

where HSCs are enriched using CD34 

immunoaffinity selection and cultured in a 

cytokine mixture (e.g., c-kit ligand, flt-3 

ligand, and thrombopoietin) on extracellular 

matrix protein layers (e.g., recombinant 

fibronectin). A gene delivery vector is then 

added after the pre-stimulation phase. 

Following this, the cells are formulated for 

intravenous infusion with a series of washing 

steps and suspension in specific media, such as 

Plasmalyte. Before use, the cell product must 

meet standards for viability and 

microbiological sterility. Further evaluations, 

such as colony formation assays, vector copy 

number quantification via quantitative PCR, 

and transgene expression, are conducted post-

infusion on reserve samples from the final 

product (Kohn et al., 2013). 
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SUMMARY 

Gene therapy has successfully 

addressed genetically inherited blood disorders 

caused by single-gene mutations. These 

disorders, such as sickle cell anemia, 

thalassemia, and SCID, impact blood cell 

formation or function. A key approach 

involves ex vivo modification of 

hematopoietic stem cells (HSCs), enabling 

long-term correction of genetic defects. HSCs 

are harvested, genetically modified using viral 

vectors or gene-editing tools, and reintroduced 

into the body after preconditioning, allowing 

the generation of healthy blood cells. 

Autologous HSC-based therapies, though 

complex, reduce immunological risks 

compared to allogeneic transplantation. 

Lentiviral vectors have largely replaced 

gamma-retroviral vectors due to their safety 

and efficacy. This process requires patient-

specific cell collection, genetic modification in 

GMP labs, and rigorous quality control. 

Despite challenges, HSC gene therapy offers 

curative potential, particularly for severe 

immune deficiencies and blood disorders, with 

advancements continually improving safety 

and outcomes. 
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