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Content of DNA in Different Human Body Fluids and Tissues
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|ntr0ducti0n analysis, ancestry testing, and some medical applications such as genetic
testing for inherited conditions [3].

Deoxyribonucleic acid (DNA) is the fundamental genetic material in all The amount of DNA in saliva can vary significantly based on factors like
living organisms, encoding the biological instructions that dictate cellular the individual's health, oral hygiene, and even the time of day. While saliva
function, organismal development, and inheritance. It is predominantly located offers a non-invasive, easily accessible sample for DNA analysis, the DNA
in the nucleus of human cells, but it can also be found in other body fluids and content is often more degraded and fragmented compared to blood, requiring
tissues. The concentration and type of DNA in different tissues and fluids can optimized extraction protocols to obtain sufficient quantities for analysis.
vary significantly, influenced by factors such as tissue type, cellular activity, Urine has long been recognized as a potential source of DNA, though it is
and even disease states. Recent advances in molecular biology and medical not as commonly used in routine genetic testing as blood or saliva. The DNA
diagnostics have spurred significant interest in the analysis of DNA from in urine primarily comes from exfoliated epithelial cells from the urinary tract,
various human body fluids and tissues. Techniques like liquid biopsy, non- including the kidneys, bladder, and urethra. Urinary DNA can be detected in
invasive prenatal testing, and DNA profiling from body fluids have opened new both free (cfDNA) and cellular forms. Studies have shown that urine DNA is
frontiers in medicine, offering promising avenues for early disease detection, generally of lower quantity and quality than blood or saliva DNA, which can
personalized treatments, and monitoring of various conditions such as cancer, pose challenges for extraction and analysis. However, recent advances in
genetic disorders, and infections [1]. technology have enabled more effective isolation and analysis of urinary DNA.
The detection of mutations in urinary ¢cfDNA has shown promise in diagnosing
urological cancers, such as bladder and prostate cancer. In addition to cancer,
urine-derived DNA has been explored for the study of kidney diseases,
infections, and genetic disorders related to the urinary system. Urinary DNA
analysis may also be beneficial for monitoring transplant rejection in kidney
transplant patients.

This will explore the content and role of DNA across different human body
fluids and tissues, highlighting how it is present, the methods used to extract
it, and its clinical relevance. We will also discuss the challenges and future
directions in the study of extracellular DNA (ecDNA) in human physiology and
disease. Blood is one of the most commonly studied human body fluids when
it comes to DNA analysis. It contains two primary sources of DNA: cellular DNA
found in the nuclei of white blood cells (leukocytes) and cell-free DNA (cfDNA), Cerebrospinal fluid (CSF), which surrounds the brain and spinal cord,
which is DNA that circulates freely in the bloodstream. The majority of cfDNA contains DNA that is typically derived from cells present within the central
in healthy individuals originates from dying cells, but in certain disease states, nervous system (CNS). The content of DNA in CSF is lower than in blood,
such as cancer, ¢fDNA can also arise from tumor cells [2]. and it can be found in both free-floating (cfDNA) and cellular forms, primarily
from apoptotic or necrotic CNS cells. CSF-based DNA analysis is still in
its early stages but holds great potential in neurodegenerative diseases,
such as Alzheimer's and Parkinson's disease, as well as in CNS cancers
) ) ) like glioblastomas. Tumor DNA found in CSF may provide insights into the

White blood cells (WBCs) are the key carriers of cellular DNA in blood.  mojecular characteristics of brain tumors, allowing for early detection and
They are responsible for immune functions, and as they circulate through  onitoring, Additionally, the analysis of CSF ¢fDNA in cases of neurological

the bloodstream, they carry with them the genetic information that can be jntections and autoimmune diseases could lead to improved diagnostic and
analyzed for various purposes, including paternity testing, genetic screening, therapeutic strategies [4].

and forensic analysis. CfDNA is small fragments of DNA that are released into

the bloodstream as a result of cellular apoptosis or necrosis. While cfDNA is DNA s present in other less commonly studied body fluids such as sweat,
generally present in very low concentrations in healthy individuals (roughly ~tears, and synovial fluid, though these are generally not primary sources of
1-100 ng/mL), its levels can increase significantly in various pathological ~ &enetic material for diagnostic or clinical purposes. In contrast, tissues like
conditions. For example, in cancer patients, cfDNA levels can be elevated due S, muscle, and fat can provide a more direct and abundant source of DNA
to the release of tumor-derived DNA (GtDNA), which has opened the door to for analysis, especially in medical conditions that affect these areas. Biopsies
liquid biopsy techniques for non-invasive cancer diagnosis and monitoring, ~ from various tissues, including lung, liver, breast, and colorectal tissues,
Circulating cfDNA is typically fragmented into small pieces, ranging from 100 are often utilized for DNA testing in cancer, genetic disorders, and disease
to 1000 base pairs in length. The analysis of fDNA allows for the detection  Progression. While the methods for extracting DNA from various body fluids
of mutations, chromosomal abnormalities, and gene expression pattems, ~ @nd fissues have advanced significantly. Some fluids, such as urine and
making it a valuable tool in precision medicine. Saliva is another body fluid  S&liva, contain lower amounts of DNA or more fragmented DNA, making it
that contains DNA, albeit at lower concentrations compared to blood. The harder t(,) extract h.'g“'q“a"‘y samples. In some cases, it may b? necesgary
primary source of DNA in saliva is epithelial cells shed from the oral mucosa, to use highly se_nsmve meth_ods, such as PCR (Polymerase Chain _Reaqtlon)
along with DNA from neutrophils, bacteria, and other cells that may be present or next-generation sequencing (NGS), to detect the DNA present in minute

in the mouth. Saliva-based DNA extraction is commonly used in forensic quantities. Body fluids like saliva, semen, and urine can be contaminated by
bacteria, microbes, or other substances, complicating DNA extraction and

analysis. This requires stringent protocols to ensure that the DNA extracted
is from the desired source and is not degraded. Analyzing ¢fDNA presents
unique challenges due to the highly fragmented nature of the DNA and the
Copyright: © 2024 Fruehwald M. This is an open-access article distributed relatively low concentrations found in most bpdy fluids. Specialized metths
under the terms of the Creative Commons Attribution License, which permits a.re required to sepgrate Cf.D NA from genomic DNA and to analyze specific
unrestricted use, distribution, and reproduction in any medium, provided the ~ Piomarkers or mutations of interest [5].
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content, quality, and type of DNA vary depending on the source. Blood,
saliva, urine, and other body fluids offer valuable insights into human health
and disease, especially with the advent of non-invasive diagnostic methods
like liquid biopsy. The ability to analyze cfDNA has transformed the way
clinicians monitor diseases such as cancer, genetic disorders, and infections.
While advances in technology have made DNA extraction and analysis more
efficient, challenges remain in terms of sample quality, contamination, and
ethical concerns. As techniques continue to evolve, the potential for using DNA
from body fluids and tissues in clinical diagnostics, personalized medicine,
and disease monitoring is enormous. Future research is likely to expand our
understanding of extracellular DNA's role in human physiology and disease,
further improving medical outcomes and advancing the field of genomics.
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