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ABSTRACT 

Decoding of the human genome, has unraveled 

numerous canonical molecular pathways having 

great significance in cancer and chronic diseases. 

Recent advancements in the development of 

genomic high-throughput platforms have fueled 

genome-wide approach to mine novel biomarkers 

and paved the way for better diagnostics and the 

discovery of promising therapies. 

The technology of using nucleic acid-based 

therapeutics is powerful, as it enables precise 

modulation of the expression of genes known to be 

involved in disease progression and can thereby be 

used for precision medicine. DNA and mRNA are 

used to induce a specific genes of interest, whereas 

siRNA and miRNA are used for silencing and 

modulation of specific genes. The sequence of 

nucleic acids can further easily be modified to 

enable patient-specific treatments and can encode 

essentially any gene involved in specific molecular 

pathways, or oncogenes, to facilitate treatments of 

otherwise so-called “undruggable” tumors. 

Accordingly, nucleic acid therapeutics can be 

designed to target specific genes involved in cell 

proliferation, migration, invasion, apoptosis, as 

well as inflammation, including gene editing 

correction using CRISPR-Cas9.  

Currently employed pharmaceutical nanocarriers, 

like micelles, liposomes, nanoemulsions, 

polymeric nano-particles, etc. amongst which few 

have already entered clinic, whilst others are 

ongoing preclinical development, exhibit a variety 

of advantageous characteristics. Herein, we discuss 

the mechanisms of nanoparticle-targeted drug 

delivery, recent advancement of therapeutic 

strategies of nanoparticles based carriers 

for siRNA, miRNA, and gene augmentation 

therapies. We also discuss the future prospects and 

challenges of nanoparticle gene therapeutics. 

Additionally, a brief overview of our research 

experience in nanoparticle gene therapeutics at the 

Center of Excellence for Research in Regenerative 

Medicine and its Applications (CERRMA) at the 

Faculty of Medicine, Alexandria University, 

Egypt. 
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