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DESCRIPTION
In the intricate landscape of molecular biology, the discovery and 
elucidation of circulating nucleic acids have sparked immense 
interest and opened up new avenues for both research and 
clinical applications. These molecular entities, once thought 
to be confined within cellular boundaries, have now emerged 
as crucial players in various physiological and pathological 
processes. Understanding their significance not only sheds light 
on fundamental biological mechanisms but also holds immense 
promise for diagnostic, prognostic, and therapeutic purposes. 
The origin of CNAs is multifaceted. In healthy individuals, CNAs 
primarily originate from apoptotic and necrotic cells, reflecting 
the natural turnover of cellular components. However, under 
pathological conditions such as cancer, inflammation, and trauma, 
there is an aberrant release of nucleic acids from damaged 
or malignant cells into the circulation. This dynamic interplay 
between cellular processes and extracellular release underscores 
the diagnostic and prognostic potential of CNAs. One of the most 
extensively studied applications of CNAs lies in cancer diagnostics 
and monitoring. ctDNA, shed by tumor cells into the bloodstream, 
harbors genetic alterations characteristic of the tumor’s 
genomic landscape. Through techniques such as next-generation 
sequencing and digital polymerase chain reaction, clinicians can 
analyze ctDNA to detect early-stage cancers, monitor treatment 
response, track disease progression, and identify emerging 
resistance mechanisms. This non-invasive approach, known as 
liquid biopsy, circumvents the need for invasive tissue biopsies 
and enables real-time monitoring of tumor dynamics, thereby 
revolutionizing cancer management. In the realm of prenatal 
diagnosis, CNAs offer a non-invasive alternative to traditional 
invasive procedures such as amniocentesis and Chorionic Villus 
Sampling (CVS). Fetal-derived cfDNA, known as cell-free fetal 
DNA, circulates in maternal blood and carries genetic information 
inherited from the fetus. By analyzing cffDNA, clinicians can 

screen for chromosomal abnormalities such as trisomy 21 (Down 
syndrome), trisomy 18 (Edwards syndrome), and trisomy 13 (Patau 
syndrome) with high sensitivity and specificity, thus reducing the 
risk of miscarriage associated with invasive procedures. The utility 
of CNAs extends beyond oncology and prenatal diagnostics to 
infectious disease monitoring. Pathogen-derived nucleic acids, 
including viral RNA and bacterial DNA, can be detected in bodily 
fluids, facilitating the diagnosis and monitoring of infectious 
diseases such as HIV, hepatitis, and COVID-19. Rapid and sensitive 
molecular assays enable the timely detection of pathogens, 
monitoring of viral load, assessment of antiviral treatment efficacy, 
and surveillance of drug resistance mutations, thereby informing 
clinical decision-making and public health interventions. In the 
field of transplantation medicine, CNAs offer valuable insights 
into allograft rejection and graft function. Allograft-derived cfDNA, 
released from transplanted organs into the recipient’s circulation, 
serves as a surrogate marker for graft injury. Monitoring changes in 
cfDNA levels and profiling donor-specific genetic variants can aid 
in the early detection of rejection episodes, guiding therapeutic 
interventions, and optimizing long-term graft outcomes. Despite 
the immense potential of CNAs, several challenges persist in 
their clinical translation and implementation. These include 
standardization of pre-analytical procedures, optimization of 
analytical techniques, validation of biomarkers, and integration 
into routine clinical practice. Additionally, ethical considerations 
regarding patient consent, data privacy, and equitable access to 
testing must be carefully addressed. 
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