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RNA (ribonucleic acid) is a versatile biomolecule that plays fundamental roles in gene 

expression, protein synthesis, and cellular regulation. Beyond its well-known functions 

in transcription and translation, RNA participates in various regulatory and structural 

processes essential for maintaining cellular homeostasis. This review explores the 

diversity of RNA molecules, including messenger RNA (mRNA), transfer RNA 

(tRNA), ribosomal RNA (rRNA), and non-coding RNAs such as small nuclear RNA 

(snRNA), microRNA (miRNA), small interfering RNA (siRNA), long non-coding RNA 

(lncRNA), circular RNA (circRNA), and piwi-interacting RNA (piRNA). Each of these 

RNA types has distinct functions but often works in concert with others, contributing to 

the complexity of gene regulation and cellular function. The interconnectivity of RNA 

molecules is crucial for processes such as mRNA splicing, RNA interference, translation 

regulation, and genome stability. Dysregulation of RNA-related mechanisms has been 

implicated in various diseases, including cancer, neurodegenerative disorders, and viral 

infections. Furthermore, advancements in RNA-based therapeutics, including siRNA- 

and miRNA-targeted therapies, highlight the growing potential of RNA in medical 

applications. By understanding the intricate roles and interactions of different RNA 

molecules, researchers can develop novel strategies for disease treatment and genetic 

regulation. This review provides a comprehensive overview of RNA functionality, 

emphasizing its dynamic nature and biomedical significance. 
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INTRODUCTION 

RNA (ribonucleic acid) is an essential biomolecule 

that plays a fundamental role in gene expression 

and cellular function. Originally regarded as a 

mere intermediary between DNA and proteins, 

RNA is now recognized for its diverse functional 

repertoire that extends beyond the classical 

transcription-translation paradigm (Lodish et al., 

2000). From serving as a messenger in protein 

synthesis to acting as a key regulator in gene 

expression and cellular defense, RNA molecules 

contribute to virtually every aspect of cellular life. 

The growing understanding of RNA’s structural 

and functional diversity has revolutionized 

molecular biology and opened new avenues for 

biomedical research and therapeutic applications 

(Bartel, 2004). The central dogma of molecular 

biology, as first proposed by Francis Crick in 

1958, describes the unidirectional flow of genetic 

information from DNA to RNA to protein. This 

framework positioned RNA as a transient carrier 

of genetic instructions. However, subsequent 

discoveries have expanded this view, revealing 

that RNA molecules possess catalytic activity, 

regulatory capabilities, and structural functions 

(Noller, 2005). Non-coding RNAs, once dismissed 

as “junk” genetic material, are now recognized as 

critical regulators of gene expression and genome 

stability (Rinn & Chang, 2012). These insights 

have prompted a reevaluation of RNA’s role in the 

central dogma and highlighted its intricate 

interconnectivity within the cell. RNA molecules 

exhibit remarkable structural and functional 

diversity, which enables them to perform 

specialized roles in various cellular processes. 

Messenger RNA (mRNA) carries genetic 

instructions from DNA to ribosomes, where 

proteins are synthesized. Transfer RNA (tRNA) 

acts as an adaptor, ensuring accurate translation of 

mRNA sequences into amino acids (Schimmel, 

1987). Ribosomal RNA (rRNA) forms the 

structural and catalytic core of ribosomes, 

facilitating protein synthesis (Noller, 2005). 

Beyond these well-known categories, several 

classes of regulatory RNAs, such as microRNAs 

(miRNAs), long non-coding RNAs (lncRNAs), 

and small interfering RNAs (siRNAs), modulate 

gene expression by influencing transcription, 

translation, and RNA stability (Bartel, 2004). 

Other RNA types, such as small nuclear RNAs 

(snRNAs) and small nucleolar RNAs (snoRNAs), 

play crucial roles in RNA processing and 

modification (Steitz & Black, 1993). Circular 

RNAs (circRNAs) and Piwi-interacting RNAs 

(piRNAs) further contribute to cellular 

homeostasis and genomic integrity (Siomi & 

Kuramochi-Miyagawa, 2009; Memczak et al., 

2013). The interplay between various RNA 

molecules ensures the precise regulation of gene 

expression and cellular function. RNA processing 

mechanisms, such as alternative splicing and RNA 

editing, enable cells to generate a diverse array of 

functional proteins from a limited set of genes. 

Additionally, RNA-based regulatory pathways, 

including RNA interference (RNAi), provide cells 

with a powerful means of controlling gene 

expression in response to environmental and 

developmental cues (Zamore et al., 2000). The 

dynamic interactions between different RNA 

species underscore the complexity of gene 

regulation and highlight the importance of RNA in 

maintaining cellular stability and adaptability. 

Beyond its physiological roles, RNA has emerged 

as a key player in disease pathogenesis and 

therapeutic innovation. Dysregulation of RNA 

molecules is implicated in numerous diseases, 

including cancer, neurodegenerative disorders, 

and viral infections (Bartel, 2004). The discovery 

of RNA-based regulatory mechanisms has paved 

the way for novel therapeutic strategies, such as 

RNA interference for gene silencing, mRNA 

vaccines for infectious diseases, and antisense 

oligonucleotides for genetic disorders (Zamore et 
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al., 2000). Advances in RNA sequencing 

technologies and bioinformatics have further 

accelerated RNA research, enabling the 

identification of novel RNA species and their 

functional roles. MicroRNAs (miRNAs) are small, 

non-coding RNA molecules typically 18-25 

nucleotides in length that play a crucial role in 

post-transcriptional gene regulation. They are 

involved in various biological processes, including 

development, differentiation, apoptosis, and 

homeostasis. By binding to complementary 

sequences in target messenger RNAs (mRNAs), 

miRNAs can repress translation or promote 

mRNA degradation, thereby influencing gene 

expression (Bartel, 2004). In this review, we 

explore the functional diversity and 

interconnectivity of RNA molecules, emphasizing 

their roles in gene expression, cellular regulation, 

and disease processes. By examining the 

interactions between different RNA species and 

their contributions to cellular function, we aim to 

provide a comprehensive understanding of RNA 

biology and its implications for molecular 

medicine and biotechnology. The increasing 

recognition of Micro RNA’s (miRNAs) 

multifaceted roles underscores its significance in 

modern biology and highlights its potential as a 

target for therapeutic intervention. 

2. Types of RNA and Their Functions 

2.1 Messenger RNA (mRNA) 

• Function: mRNA carries genetic information 

transcribed from DNA to the ribosome for 

protein synthesis. 

• Role: Determines the specific sequence of 

amino acids in proteins. 

• Example: Hemoglobin mRNA directs 

hemoglobin protein synthesis (Lodish et al., 

2000). 

2.2 Transfer RNA (tRNA) 

• Function: tRNA acts as an adaptor molecule 

during translation, delivering amino acids to 

the ribosome. 

• Role: Ensures accurate protein synthesis by 

matching anticodons to mRNA codons. 

• Example: tRNA carrying methionine binds to 

the start codon (AUG) during translation 

initiation (Schimmel et al., 1987). 

2.3 Ribosomal RNA (rRNA) 

• Function: rRNA forms the structural and 

catalytic core of ribosomes, facilitating protein 

synthesis. 

• Role: Catalyzes peptide bond formation 

during translation. 

• Example: The 16S rRNA in prokaryotes 

ensures proper alignment of mRNA on the 

ribosome (Noller et al., 2005). 

2.4 Small Nuclear RNA (snRNA) 

• Function: snRNAs are involved in RNA 

splicing, removing introns from pre-mRNA to 

form mature mRNA. 

• Role: Essential for gene expression regulation 

and mRNA maturation. 

• Example: U1 and U2 snRNAs in the 

spliceosome recognize splice sites in pre-

mRNA (Steitz & Black, 1993). 

2.5 MicroRNA (miRNA) 

• Function: miRNAs regulate gene expression 

post-transcriptionally by binding to target 

mRNAs. 
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• Role: Control mRNA stability and translation. 

• Example: miR-21 downregulates tumor 

suppressor genes in cancer (Bartel et al., 2004). 

2.6 Long Non-Coding RNA (lncRNA) 

• Function: lncRNAs regulate gene expression 

at multiple levels. 

• Role: Modulate chromatin remodeling, 

transcription, and post-transcriptional 

processing. 

• Example: XIST lncRNA mediates X-

chromosome inactivation (Rinn & Chang, 

2012). 

2.7 Small Interfering RNA (siRNA) 

• Function: siRNAs are involved in RNA 

interference (RNAi), silencing specific mRNA 

molecules. 

• Role: Used in defense mechanisms and gene 

silencing. 

• Example: siRNA-based therapies are being 

developed for diseases like cancer (Zamore et 

al., 2000). 

2.8 Circular RNA (circRNA) 

• Function: CircRNAs act as microRNA 

sponges and regulate transcription. 

• Role: Their potential as biomarkers in diseases 

is being explored. 

• Example: ciRS-7 sequesters miR-7 and 

modulates its activity (Memczak et al., 2013). 

2.9 Piwi-Interacting RNA (piRNA) 

• Function: piRNAs silence transposable 

elements and maintain genome stability in 

germ cells. 

• Role: Essential for gametogenesis. 

• Example: piRNAs suppress LINE-1 

transposon activity (Siomi & Kuramochi-

Miyagawa, 2009). 

3. The Interconnection of RNA Functions 

3.1 Transcription and mRNA Synthesis 

• mRNA is synthesized from DNA with 

snRNAs assisting in splicing. 

• lncRNAs modulate transcription by interacting 

with chromatin. 

• Example: LncRNA HOTAIR alters chromatin 

states (Rinn & Chang, 2012). 

3.2 Translation and Protein Synthesis 

• mRNA is translated with tRNA delivering 

amino acids and rRNA facilitating peptide 

bond formation. 

• Example: 16S rRNA interacts with the Shine-

Dalgarno sequence to initiate translation 

(Noller, 2005). 

3.3 Post-Transcriptional Regulation 

• miRNAs and siRNAs regulate mRNA stability 

and translation. 

• circRNAs act as miRNA sponges. 

• Example: ciRS-7 sequesters miR-7 (Memczak 

et al., 2013). 

3.4 Genome Stability and Defense 
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• piRNAs silence transposable elements to 

maintain genome integrity. 

• Example: piRNAs suppress LINE-1 

transposons during spermatogenesis (Siomi & 

Kuramochi-Miyagawa, 2009). 

3.5 RNA Splicing and Quality Control 

• snRNAs and snoRNAs process mRNA and 

rRNA. 

• Example: U1 and U2 snRNAs in the 

spliceosome ensure accurate exon-exon 

junction formation (Steitz & Black, 1993). 

4. RNA in Disease and Therapeutic 

Applications 

4.1 Role of miRNA in Diseases 

• miRNAs influence cancer, cardiovascular 

diseases, and neurodegenerative disorders. 

• Example: miR-21 promotes tumor growth, 

miR-34 inhibits cancer progression (Bartel et 

al., 2004). 

4.2 RNA-based Therapeutics 

• siRNAs are used for targeted gene silencing. 

• miRNA-based therapies target oncogenes. 

• Example: siRNA-based therapies for viral 

infections and cancer (Zamore et al., 2000). 

5. Micro RNA 

MicroRNAs (miRNAs) are small, non-coding 

RNA molecules typically 18-25 nucleotides in 

length that play a crucial role in post-

transcriptional gene regulation. They are involved 

in various biological processes, including 

development, differentiation, apoptosis, and 

homeostasis. By binding to complementary 

sequences in target messenger RNAs (mRNAs), 

miRNAs can repress translation or promote 

mRNA degradation, thereby influencing gene 

expression (Bartel, 2004). 

5.1 Mechanism of MicroRNA Function 

5.1.1 Biogenesis of miRNA 

The biogenesis of miRNAs occurs in multiple 

steps: 

1. Transcription: miRNAs are transcribed from 

miRNA genes by RNA polymerase II or III 

into primary miRNAs (pri-miRNAs) (Cai et 

al., 2004). 

2. Processing by Drosha: The pri-miRNA is 

cleaved by the Drosha-DGCR8 

microprocessor complex into a precursor 

miRNA (pre-miRNA) (Lee et al., 2003). 

3. Nuclear Export: Exportin-5 transports the 

pre-miRNA from the nucleus to the cytoplasm 

(Yi et al., 2003). 

4. Dicer Processing: The pre-miRNA is further 

processed by the Dicer enzyme into a mature 

miRNA duplex (Hutvágner & Zamore, 2002). 

5. Incorporation into RISC: One strand of the 

miRNA duplex is loaded into the RNA-

induced silencing complex (RISC), where it 

guides the complex to complementary mRNA 

targets (Hammond et al., 2000). 
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Fig.1 Pathway of Mi RNA regulation and gene expression. (https://www.researchgate.net/figure)/ 

5.1.2 Mode of Action 

Once incorporated into RISC, miRNAs regulate 

gene expression primarily through two 

mechanisms: 

• mRNA Degradation: If the miRNA has 

extensive complementarity with the target 

mRNA, Argonaute (AGO) proteins mediate 

cleavage and subsequent degradation of the 

mRNA (Hutvágner & Zamore, 2002). 

• Translational Repression: When 

complementarity is partial, the miRNA blocks 

translation by interfering with ribosomal 

function (Filipowicz et al., 2008). 

5.2 Physiological and Pathophysiological Roles 

of MicroRNA 

5.2.1 Physiological Role  

MicroRNAs are essential for maintaining cellular 

and organismal homeostasis. They regulate: 

• Development: miRNAs control gene 

expression during embryogenesis and organ 

development (Ambros, 2004). 

• Immune Response: They modulate immune 

cell differentiation and responses to pathogens 

(O'Connell et al., 2010). 

• Neural Function: miRNAs influence 

neuronal differentiation, synaptic plasticity, 

and neurogenesis (Kosik, 2006). 

• Metabolism: They regulate glucose 

homeostasis, lipid metabolism, and insulin 

secretion (Poy et al., 2004). 

5.2.2 Pathophysiological Role 

Dysregulation of miRNAs is associated with 

various diseases, including: 

• Cancer: miRNAs can act as oncogenes 

(oncomiRs) or tumor suppressors, influencing 

cell proliferation, apoptosis, and metastasis 

(Calin & Croce, 2006). 



Dr. Mohd Abid, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 5, 2171-2180 | Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                               2177 | P a g e  

• Cardiovascular Diseases: miRNAs 

contribute to heart development, cardiac 

hypertrophy, and heart failure (van Rooij et al., 

2007). 

• Neurodegenerative Disorders: Altered 

miRNA expression is linked to diseases like 

Alzheimer’s and Parkinson’s (Junn & 

Mouradian, 2012). 

• Diabetes and Metabolic Syndromes: 

miRNAs regulate insulin sensitivity and beta-

cell function (Zampetaki et al., 2010). 

5.3 MicroRNA as a Tool in Medicine 

5.3.1 Diagnostic Biomarkers 

MicroRNAs serve as potential biomarkers for 

various diseases due to their stability in bodily 

fluids and their disease-specific expression 

patterns. For instance, circulating miRNAs can be 

used as non-invasive biomarkers for early cancer 

detection (Mitchell et al., 2008). Additionally, 

miRNAs such as miR-122 have been linked to 

liver disease and could aid in diagnosing 

hepatocellular carcinoma (Jopling, 2012). 

5.3.2 Therapeutic Applications 

miRNA-based therapies are being developed for 

treating various diseases, including cancer, 

cardiovascular disorders, and neurodegenerative 

diseases. Antagomirs (synthetic miRNA 

inhibitors) and miRNA mimics are being explored 

for modulating miRNA activity in disease settings 

(Krützfeldt et al., 2005). For example, miR-34-

based therapies are under investigation for cancer 

treatment, as miR-34 functions as a tumor 

suppressor by targeting oncogenes (Trang et al., 

2011). 

5.3.3 Regenerative Medicine 

miRNAs play a critical role in stem cell 

differentiation and tissue regeneration. miR-1 and 

miR-133 are known to regulate muscle 

differentiation, making them potential targets for 

treating muscular dystrophy (Chen et al., 2006). 

Additionally, miR-145 is involved in 

cardiovascular regeneration, highlighting its 

potential for treating heart diseases (Cordes et al., 

2009). 

5.3.4 Challenges and Future Prospects 

Despite their potential, miRNA-based therapeutics 

face challenges such as delivery efficiency, off-

target effects, and immune responses (van Rooij & 

Olson, 2012). Advances in nanoparticle-based 

delivery systems and chemical modifications aim 

to overcome these obstacles and improve 

therapeutic outcomes (Dorn et al., 2019). 

6. CONCLUSION AND FUTURE 

PERSPECTIVES 

RNA molecules play an essential and multifaceted 

role in gene regulation, cellular processes, and 

therapeutic applications. The diversity of RNA 

species, ranging from coding mRNAs to various 

non-coding RNAs, highlights their intricate 

involvement in transcriptional and post-

transcriptional regulation, genome stability, and 

cellular communication. The dynamic interplay 

between different RNA types underscores the 

complexity of molecular biology, where RNA is 

no longer merely a messenger but a critical 

regulatory element. Dysregulation of RNA-related 

mechanisms is increasingly recognized as a 

driving force behind numerous diseases, including 

cancer, neurodegenerative disorders, and 

infectious diseases. Consequently, RNA-based 

therapeutic strategies, such as small RNA 

interference (siRNA), microRNA (miRNA) 

modulation, and mRNA vaccines, have emerged 

as promising avenues for precision medicine. 
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Looking forward, the expanding field of RNA 

research holds immense potential for advancing 

both fundamental biology and translational 

medicine. Future investigations should focus on 

unraveling the full spectrum of RNA interactions 

and identifying novel non-coding RNA species 

with regulatory potential. Additionally, improving 

RNA-based therapeutic delivery systems, 

enhancing stability, and mitigating off-target 

effects will be crucial for clinical success. With the 

continuous development of high-throughput 

sequencing technologies and bioinformatics tools, 

researchers can further decode the RNA regulatory 

network, paving the way for innovative treatment 

strategies. Ultimately, harnessing the full potential 

of RNA biology will open new frontiers in gene 

regulation, disease intervention, and regenerative 

medicine. 
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