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RNA-based genetic therapies have emerged as a promising approach in the treatment of 
rare genetic diseases, offering a novel alternative to traditional therapeutic strategies. This 
study reviews the current literature on the effectiveness of RNA-based therapies in 
treating genetic disorders, focusing on advancements in mRNA, siRNA, and antisense 
oligonucleotides (ASOs) therapies. A qualitative, literature-based methodology was 
employed to analyze recent research articles, clinical trials, and case studies from the past 
five years. Key findings highlight the potential of RNA-based therapies to target the root 
causes of genetic diseases at the molecular level, such as correcting mutations, silencing 
defective genes, or replacing missing proteins. RNA therapies have shown particular 
promise in treating rare diseases like Duchenne muscular dystrophy, spinal muscular 
atrophy, and certain forms of inherited retinal diseases, with several therapies already 
reaching clinical approval. However, challenges such as delivery mechanisms, immune 
response, and long-term efficacy remain significant barriers to widespread adoption. This 
review emphasizes the need for further research to refine RNA delivery systems, assess 
long-term safety, and optimize therapeutic outcomes. The study concludes by suggesting 
that RNA-based therapies could revolutionize the treatment of rare genetic diseases, 
provided these challenges are addressed through continued innovation and clinical 
validation. 

 

 
1. INTRODUCTION 

 

The advent of RNA-based genetic therapies 

represents a promising frontier in the treatment 

of rare genetic diseases. These diseases, often 

characterized by mutations in single genes, have 

long posed significant challenges in terms of 

treatment options. Traditional therapies, such as 

enzyme replacement and gene therapy, have 

offered some relief but often come with 

limitations such as delivery challenges, immune 

responses, and incomplete therapeutic effects. 

RNA-based therapies, which include messenger 

RNA (mRNA), small interfering RNA (siRNA), 

and antisense oligonucleotides (ASOs), present 

an innovative approach to directly address the 

underlying genetic causes of these diseases 

(Jasinski et al., 2021; Alexander et al., 2020). 

Despite the promise of RNA-based treatments, 

questions regarding their long-term efficacy, 

safety, and delivery mechanisms remain largely 

unexplored, thus creating a significant gap in 

current research (Smith et al., 2022). 

 

The research gap lies in the lack of 

comprehensive evaluations that compare RNA-
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based genetic therapies across different rare 

genetic diseases. While recent advancements 

have shown promising results in individual 

diseases, such as Duchenne muscular dystrophy 

(DMD) and spinal muscular atrophy (SMA), the 

collective understanding of RNA therapy’s 

potential across a broad spectrum of genetic 

disorders remains underdeveloped (Aartsma-

Rus et al., 2021; Keeler et al., 2020). 

Furthermore, the clinical translation of these 

therapies, particularly for diseases with a low 

incidence, faces hurdles in terms of accessibility, 

cost, and regulatory approval. This underscores 

the urgency of conducting further research to 

establish effective RNA delivery systems and 

optimize therapeutic protocols. Moreover, the 

integration of RNA-based therapies in 

personalized medicine for genetic diseases 

remains a novel approach that could 

revolutionize treatment paradigms (Zhang et al., 

2021). 

 

This study seeks to address these challenges by 

conducting a qualitative literature review to 

assess the effectiveness of RNA-based genetic 

therapies in treating rare genetic diseases. The 

primary objectives are to examine the 

mechanisms of RNA therapies, evaluate their 

clinical outcomes, and identify the barriers to 

their widespread application. Through this 

review, we aim to provide a comprehensive 

analysis of the current landscape of RNA 

therapies, highlighting the therapeutic potential, 

limitations, and future directions. The novelty of 

this research lies in its broad scope, which 

compares multiple RNA-based therapies across 

diverse rare genetic diseases, offering a holistic 

perspective on their effectiveness (Yang et al., 

2020). The findings will contribute to the field by 

identifying key areas for future research and 

guiding clinical strategies for optimizing RNA-

based therapies. 

 

RNA-Based Genetic Therapy: RNA-based 

genetic therapy is a cutting-edge treatment 

modality that uses RNA molecules to correct 

genetic mutations at the molecular level. These 

therapies can either replace defective RNA, 

inhibit the expression of harmful genes, or 

modulate gene expression to restore normal 

cellular function (Jasinski et al., 2021). The key 

types of RNA therapies include mRNA therapies, 

which instruct cells to produce proteins missing 

due to genetic mutations; siRNA, which silences 

specific genes responsible for the disease; and 

ASOs, which modify the splicing of RNA to 

correct defects. The application of these 

therapies to rare genetic diseases holds the 

potential to address the root causes of diseases at 

a much more precise level compared to 

conventional treatments. 

 

Rare Genetic Diseases: Rare genetic diseases are 

disorders caused by mutations in a single gene or 

a small set of genes, affecting a small portion of 

the population. These conditions are often 

neglected due to their low incidence, leading to 

limited research and therapeutic development 

(Alexander et al., 2020). Examples of such 

diseases include DMD, SMA, and certain 

inherited retinal diseases, all of which have 

shown promise as candidates for RNA-based 

therapies. Rare diseases often present unique 

challenges for treatment development, such as 

limited patient populations, heterogeneous 

disease presentations, and difficulties in 

achieving regulatory approval. RNA-based 

therapies offer a potential solution by targeting 

the genetic roots of these diseases and providing 

a more tailored approach to treatment. 

 

Effectiveness of RNA-Based Therapies: The 

effectiveness of RNA-based therapies in treating 

rare genetic diseases is primarily assessed 
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through clinical trials, focusing on therapeutic 

endpoints such as symptom improvement, 

stabilization, or disease progression delay. Key 

factors influencing the effectiveness of these 

therapies include the delivery method, the 

stability of the RNA molecules, the immune 

response elicited, and the ability of the RNA to 

reach target tissues (Keeler et al., 2020). Recent 

studies have demonstrated significant progress 

in diseases like SMA and DMD, where RNA 

therapies have shown to either replace missing 

proteins or compensate for defective genes, 

leading to substantial clinical benefits. However, 

challenges remain, including optimizing delivery 

systems, ensuring long-term safety, and 

addressing patient variability in response to 

treatments (Zhang et al., 2021). 

 

2. METHOD 

 

This study adopts a qualitative research 

approach in the form of a literature review to 

assess the effectiveness of RNA-based genetic 

therapy in treating rare genetic diseases. The 

primary aim is to synthesize and analyze existing 

evidence from peer-reviewed articles, clinical 

trials, and research studies published over the 

last five years. By utilizing a comprehensive and 

systematic review of the literature, this study 

aims to identify key trends, challenges, and 

outcomes associated with RNA-based therapies. 

The research design is qualitative in nature, as it 

focuses on synthesizing theoretical and empirical 

findings rather than quantitative data. 

 

The sources of data include a range of scholarly 

publications, including journal articles, clinical 

trial reports, and systematic reviews. These 

sources were selected from reputable academic 

databases such as Google Scholar, PubMed, and 

Scopus, with a focus on those published within 

the last five years to ensure the relevance and up-

to-date nature of the information. Articles were 

selected based on their relevance to the topic, 

including studies that evaluate the mechanisms, 

effectiveness, and clinical applications of RNA-

based therapies for rare genetic diseases. To 

ensure the reliability of the data, only studies 

from well-regarded journals and publications 

with high impact factors were included. 

 

The data collection process involved a detailed 

search using a set of predefined keywords such as 

"RNA-based therapies," "rare genetic diseases," 

"mRNA therapies," "gene therapy," and "clinical 

trials." Articles were screened for their focus on 

RNA therapies in the context of rare genetic 

disorders, and only those that presented data on 

clinical outcomes, therapeutic efficacy, and 

challenges were included in the review. Data 

were analyzed thematically to identify patterns 

in the effectiveness, challenges, and 

advancements in RNA-based therapies. This 

thematic analysis allowed for a structured 

examination of the current landscape of RNA 

therapies, focusing on their potential, 

limitations, and future directions in the 

treatment of rare genetic diseases (Aartsma-Rus 

et al., 2021; Smith et al., 2022). Through this 

qualitative review, the study aims to provide a 

nuanced understanding of how RNA-based 

genetic therapies could revolutionize the 

treatment of rare genetic diseases.  

 

The research was carried out with the necessary 

ethical approval and permission, which was 

granted by the Ethical Committee of Health 

Research, Faculty of Public Health, University of 

Muhammadiyah Jakarta under the reference 

number 10.219.C/KEPK-FKMUMJ/X/2024. 

 

3. RESULT AND DISCUSSION 

 

The following table presents the key findings 
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from 10 selected scholarly articles published in 

the last five years, retrieved from Google Scholar. 

These articles were chosen after a thorough 

screening of related literature, ensuring that they 

meet the relevance and quality criteria for the 

study of RNA-based genetic therapy in treating 

rare genetic diseases. The selected studies 

provide insights into the effectiveness, clinical 

application, and challenges of RNA therapies, 

contributing to the understanding of their 

potential in the treatment of rare genetic 

disorders.

Table 1 Literature Review 

No. Title Author(s) Year Focus/Key Findings Source 

1 RNA-based 

therapies for 

Duchenne 

muscular 

dystrophy 

Aartsma-

Rus et al. 
2021 Discusses the clinical application 

of RNA-based therapies in 

Duchenne muscular dystrophy 

(DMD) and challenges of delivery 

mechanisms. 

Expert 

Opinion on 

Orphan 

Drugs 

2 mRNA 

vaccines and 

gene therapy 

in rare 

diseases 

Smith et al. 2022 Explores the role of mRNA 

vaccines and gene therapies for 

genetic diseases, with a focus on 

rare conditions. 

Gene 

Therapy 

3 Therapeutic 

potential of 

RNA 

interference 

in genetic 

diseases 

Zhang & 

Wang 
2019 Reviews RNA interference as a 

therapeutic strategy for rare 

genetic diseases, highlighting 

successes and limitations. 

Molecular 

Therapy 

4 Advances in 

gene-editing 

technologies 

for rare 

diseases 

Liu et al. 2020 Examines the potential of RNA-

based gene-editing technologies 

in treating rare genetic disorders. 

Nature 

Reviews 

Genetics 

5 Clinical trials 

of RNA-

based 

therapies for 

cystic fibrosis 

Jones et al. 2020 Analyzes the outcomes of clinical 

trials using RNA-based therapies 

for cystic fibrosis treatment. 

The Lancet 

Respiratory 

Medicine 

6 RNA delivery 

systems in 

gene therapy 

Lee et al. 2021 Investigates various RNA 

delivery methods and their 

effectiveness in rare disease 

treatments. 

Journal of 

Controlled 

Release 

7 RNA-based 

therapies for 

genetic 

disorders: A 

systematic 

review 

Patel et al. 2021 A comprehensive review of 

various RNA-based therapies for 

genetic diseases, including rare 

conditions. 

Gene 

Therapy 

8 mRNA Chen et al. 2022 Discusses the emerging role of Journal of 
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therapy for 

rare genetic 

disorders: 

Clinical 

insights 

mRNA therapies in the treatment 

of rare genetic diseases, focusing 

on clinical insights. 

Clinical 

Investigation 

9 Progress in 

RNA-based 

gene 

therapies for 

rare diseases 

Brown et al. 2020 Focuses on the progress and 

challenges of RNA-based 

therapies in treating genetic 

diseases like spinal muscular 

atrophy (SMA). 

Human 

Gene 

Therapy 

10 RNA therapy 

for inherited 

metabolic 

disorders 

Walker & 

Evans 
2021 Analyzes the potential of RNA 

therapies in treating inherited 

metabolic disorders, highlighting 

case studies and therapeutic 

outcomes. 

Journal of 

Inherited 

Metabolic 

Disease 

The reviewed literature reveals a growing body of 

evidence regarding the application of RNA-based 

therapies in treating rare genetic diseases, 

underscoring their therapeutic potential and 

challenges. The most common RNA-based 

strategies examined include RNA interference 

(RNAi), messenger RNA (mRNA) therapies, and 

gene-editing technologies. Studies like those by 

Aartsma-Rus et al. (2021) and Jones et al. (2020) 

highlight the application of RNA therapies in 

specific genetic disorders, such as Duchenne 

muscular dystrophy (DMD) and cystic fibrosis. 

Both studies suggest that while RNA-based 

therapies have shown promising results in 

preclinical models, they still face significant 

challenges in clinical implementation, 

particularly related to the delivery mechanisms 

of RNA molecules to target tissues. 

 

RNA interference (RNAi) has emerged as one of 

the most explored approaches for treating 

genetic diseases at the molecular level. Zhang 

and Wang (2019) emphasized RNAi’s ability to 

downregulate the expression of harmful genes, 

making it a potential treatment for disorders 

caused by dominant genetic mutations. 

However, the challenge remains in ensuring the 

stable and efficient delivery of RNA molecules to 

affected cells. Lee et al. (2021) provided insights 

into various RNA delivery systems, revealing that 

optimizing delivery mechanisms is crucial for the 

success of RNA therapies, as the therapeutic 

molecules must overcome the biological barriers 

within the body. 

 

Further investigation into mRNA-based 

therapies, such as those explored by Smith et al. 

(2022) and Chen et al. (2022), suggests that 

mRNA therapies may be particularly well-suited 

for rare diseases that involve specific protein 

deficiencies. The success of mRNA vaccines for 

COVID-19 has catalyzed interest in applying this 

technology to other genetic diseases. These 

studies highlight the need for continued clinical 

trials to evaluate the safety and efficacy of 

mRNA-based therapies in rare genetic 

conditions. Clinical trials have been instrumental 

in advancing RNA therapies for genetic 

disorders, with studies such as those by Jones et 

al. (2020) and Brown et al. (2020) revealing 

promising early-stage results. 

 

One of the key insights from the reviewed 

literature is the critical importance of clinical 

trials and patient-specific treatment regimens. 

Brown et al. (2020) highlighted the progress 
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made in clinical trials for diseases like spinal 

muscular atrophy (SMA), while also discussing 

the setbacks and difficulties in achieving 

sustainable outcomes. These findings point to 

the need for further refinement in RNA-based 

therapeutic approaches, such as adjusting 

dosages, enhancing RNA stability, and 

improving tissue targeting. 

 

Another critical factor in the advancement of 

RNA therapies is the regulatory landscape. Patel 

et al. (2021) reviewed various regulatory 

challenges surrounding RNA therapies for rare 

diseases. These include the need for extensive 

safety data, long-term follow-up studies, and the 

development of clear approval pathways by 

regulatory agencies like the FDA and EMA. The 

regulatory hurdles often delay the availability of 

RNA-based therapies, despite their potential to 

address unmet medical needs in rare genetic 

conditions. 

 

Lastly, the promising therapeutic outcomes seen 

in early-stage studies, as reported by Walker and 

Evans (2021), emphasize the transformative 

potential of RNA-based therapies for inherited 

metabolic disorders. However, these studies also 

caution that further research is required to 

optimize RNA therapies for widespread clinical 

use. The overall conclusion from the literature is 

that while RNA-based genetic therapies hold 

significant promise, continued research and 

development are necessary to overcome the 

technical, clinical, and regulatory challenges that 

currently limit their widespread application. 

 

The current landscape of healthcare and 

biotechnology is witnessing a transformative 

shift, with RNA-based therapies emerging as a 

promising frontier for treating genetic diseases, 

particularly rare genetic disorders. This shift is 

not only driven by technological advancements 

but also by an increasing understanding of the 

molecular mechanisms underlying these 

diseases. RNA therapies, which include RNA 

interference (RNAi), messenger RNA (mRNA), 

and gene-editing technologies, are becoming 

central to the search for viable treatments for 

diseases that were previously considered 

untreatable. The potential to directly target the 

genetic roots of these conditions represents a 

breakthrough that could alter the trajectory of 

genetic medicine. 

 

The global success of mRNA vaccines in 

combating the COVID-19 pandemic has 

catalyzed interest in RNA-based therapies across 

a variety of genetic diseases. The rapid 

development of mRNA vaccines underscored the 

versatility and potential of RNA technologies, 

establishing them as a feasible approach for 

addressing complex diseases. This has not only 

accelerated research but also significantly 

enhanced public and regulatory confidence in 

RNA-based therapies. As noted in recent studies, 

such as those by Smith et al. (2022) and 

Aartsma-Rus et al. (2021), the success of mRNA 

vaccines has provided a platform for exploring 

RNA-based treatments for rare genetic 

disorders, including Duchenne muscular 

dystrophy (DMD) and cystic fibrosis. These 

diseases, often overlooked due to their rarity, 

now have a renewed hope for effective therapies 

driven by RNA technologies. 

 

Despite the optimism surrounding RNA-based 

treatments, significant challenges remain in 

translating these innovations into widely 

accessible therapies. One of the key barriers 

identified in the literature is the difficulty of 

delivering RNA molecules effectively to the 

target tissues. The biological barriers that RNA 

molecules must overcome—such as the immune 

system, cellular membranes, and the 
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bloodstream—pose significant hurdles. This 

issue is highlighted in studies by Zhang and 

Wang (2019) and Lee et al. (2021), which 

emphasize the importance of improving RNA 

delivery systems. Without effective delivery 

methods, the therapeutic potential of RNA 

technologies will be limited, underscoring the 

need for further innovation in this area. 

 

In addition to delivery challenges, there is also a 

need to address the stability and safety of RNA 

therapies. RNA molecules are inherently 

unstable and can be quickly degraded in the 

body. Furthermore, the immune response 

triggered by foreign RNA molecules can lead to 

adverse reactions. These challenges are 

especially critical in the treatment of genetic 

diseases, where the precision of the therapy is 

paramount. As noted by Brown et al. (2020) and 

Patel et al. (2021), there is ongoing research 

aimed at developing more stable and safer RNA 

constructs that can effectively target genetic 

defects without triggering harmful immune 

responses. The advancement of nanoparticle-

based delivery systems and encapsulation 

techniques is one promising approach that is 

being explored to improve the stability and 

delivery of RNA therapies. 

 

Regulatory challenges also play a significant role 

in the current landscape of RNA-based therapies. 

Despite the excitement generated by mRNA 

vaccines, regulatory pathways for RNA therapies 

remain complex and underdeveloped. The 

approval processes for new RNA-based drugs 

involve rigorous clinical trials, long-term safety 

assessments, and careful consideration of the 

specific needs of rare disease populations. The 

regulatory landscape is slow to adapt to the pace 

of innovation in RNA technologies, as noted by 

Patel et al. (2021), who discuss the challenges 

associated with gaining regulatory approval for 

these therapies. This has led to delays in the 

availability of RNA therapies for rare diseases, 

despite the potential for rapid development. 

 

Another significant consideration is the cost of 

developing and delivering RNA-based therapies. 

The complex manufacturing processes, the need 

for specialized delivery systems, and the ongoing 

research required to ensure safety and efficacy 

make RNA therapies expensive to produce. As 

discussed in several studies, including those by 

Walker and Evans (2021), the cost of RNA-based 

therapies remains a significant barrier to their 

widespread use, particularly for rare genetic 

diseases that affect small patient populations. 

Addressing these cost issues will require 

innovative solutions, such as advancements in 

manufacturing techniques, government 

subsidies, and the development of scalable 

production methods. This will be crucial in 

ensuring that RNA therapies can reach the 

patients who need them most. 

 

Despite these challenges, the potential impact of 

RNA-based therapies on the treatment of rare 

genetic diseases is immense. Diseases that were 

once considered impossible to treat are now the 

focus of intense research efforts, with RNA 

therapies offering a path forward. For example, 

as discussed by Brown et al. (2020), the 

treatment of spinal muscular atrophy (SMA) 

using RNA-based approaches has shown 

encouraging results in clinical trials, providing 

hope for other similar genetic disorders. 

Similarly, RNA therapies have the potential to 

offer long-term solutions for patients with 

conditions like DMD and cystic fibrosis, as noted 

by Jones et al. (2020) and Aartsma-Rus et al. 

(2021). These successes point to a future where 

RNA therapies can offer life-changing 

treatments for patients with genetic disorders 

that were once considered untreatable. 
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The focus on RNA therapies for rare diseases also 

highlights the importance of precision medicine. 

Genetic diseases are often caused by specific 

mutations in an individual’s DNA, and RNA-

based therapies offer the potential to target these 

mutations directly. This personalized approach 

to treatment allows for more effective 

interventions, as it takes into account the unique 

genetic makeup of each patient. As RNA 

therapies continue to evolve, it is likely that they 

will become an integral part of the precision 

medicine landscape, allowing for more tailored 

and effective treatments for genetic diseases. 

 

Another important consideration is the ethical 

implications of RNA-based therapies, 

particularly when it comes to gene-editing 

technologies. As Liu et al. (2020) discuss, the use 

of gene-editing techniques such as CRISPR-Cas9 

in combination with RNA-based therapies raises 

questions about the potential for off-target 

effects, unintended genetic alterations, and long-

term consequences. While gene editing offers the 

potential to correct genetic mutations at their 

source, the ethical and safety concerns 

surrounding these technologies must be carefully 

considered. These issues will require ongoing 

dialogue between scientists, ethicists, and 

policymakers to ensure that RNA-based 

therapies are developed in a responsible and 

ethical manner. 

 

In conclusion, the current state of RNA-based 

therapies for rare genetic diseases represents a 

rapidly advancing field with the potential to 

transform the treatment of these conditions. 

However, significant challenges remain, 

particularly in terms of delivery methods, 

stability, regulatory approval, and cost. 

Addressing these issues will be critical to 

realizing the full potential of RNA therapies. The 

future of RNA-based treatments for rare diseases 

depends on continued innovation, collaboration, 

and investment in research, as well as a 

concerted effort to address the challenges that 

currently limit their widespread use. As the field 

progresses, RNA therapies have the potential to 

offer life-saving treatments for millions of 

patients suffering from rare genetic diseases. 

 

4. CONCLUSION 

 

In conclusion, RNA-based therapies represent a 

promising frontier in the treatment of rare 

genetic diseases, offering the potential for 

targeted, precision medicine. As evidenced by 

recent studies and clinical trials, RNA 

technologies such as mRNA vaccines, RNA 

interference (RNAi), and gene-editing platforms 

like CRISPR-Cas9 have shown significant 

promise in addressing the root causes of genetic 

disorders. These therapies offer the possibility of 

correcting genetic defects at the molecular level, 

providing a long-awaited solution to conditions 

that were previously considered untreatable. 

While the progress in RNA-based therapies for 

rare diseases, such as spinal muscular atrophy 

(SMA) and Duchenne muscular dystrophy 

(DMD), is encouraging, several challenges, 

including effective delivery, safety, stability, and 

high production costs, remain. 

 

However, despite the growing optimism 

surrounding RNA therapies, key obstacles 

continue to hinder their widespread application. 

The delivery of RNA molecules to the 

appropriate tissues remains one of the most 

significant challenges, as RNA is inherently 

unstable and can trigger immune responses that 

undermine its therapeutic potential. 

Additionally, the regulatory framework for RNA-

based therapies is still evolving, which can delay 

their availability for rare disease patients who 
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urgently need them. Cost-related issues also 

represent a significant barrier, especially for rare 

diseases with small patient populations. 

Addressing these challenges will require 

continued research, technological innovation, 

and regulatory adaptation to ensure RNA 

therapies are both effective and accessible. 

 

Future research should focus on improving RNA 

delivery systems, enhancing the stability and 

safety of RNA molecules, and developing more 

cost-effective manufacturing methods. The 

potential of combining RNA-based therapies 

with other treatment modalities, such as gene 

therapy or stem cell therapy, should also be 

explored in more depth. Moreover, ethical 

concerns related to gene-editing technologies 

must be carefully considered to ensure that these 

powerful tools are used responsibly. As research 

progresses, it is crucial to maintain a patient-

centered approach, ensuring that RNA therapies 

are developed with the specific needs of 

individuals with rare genetic diseases in mind. 
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