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DNA methylation is a valuable epigenetic alteration that could be used for 
cancer screening, prevention and therapeutics. DNA methylation is easier 
to detect than mutations, and methylation changes usually occur early in 
tumour progression. DNA methylation is also reversible; allowing potential 
treatments to begin before cancer even develops. The tumour-suppressor 
protein p53 is responsible for cell cycle arrest and DNA repair. Mutations in 
the p53 gene have been found in more than half of all cancers, and hyper-
methylationmethylation of the promoter sequence adjacent to p53 has been found to 
lead to cancer. Smoking has been demonstrated to lead to hypermethyla-
tion of tumour-suppressor genes in many tissues, including both cancerous 
and non-cancerous lung biopsy tissues. This association has never been 
explored in young, healthy individuals, with no clinical signs of cancer. The 
present study looked at DNA isolated from urine and saliva samples taken 
from 56 healthy participants, male and female smokers and non-smokers, 
aged 18-25. Using GAPDH as a negative control, p53 gene promoter meth-
ylation was assessed using methylation-sensitive restriction enzymes 
HpaII and HhaI followed by end-point PCR and agarose gel electrophore-
sis.  This study demonstrated that qualitatively, DNA derived from both the 
saliva and urine of smokers and non-smokers were equivalent in that none 
of the samples obtained were found to show p53 gene promoter hyper-
methylation.  Quantitatively, however we found that the DNA concentration 
is greater in the smoker samples (both urine and saliva) than the 
non-smokers.  Saliva and urine have been recognized as a non-invasive 
method of obtaining a blood sample, with both representing total systemic 
cell apoptosis. The findings from this study indicate that urine and saliva 
represent a good source of total systemic DNA for downstream molecular 
biological analyses, and that both samples are robust enough to study epi-
genetic alterations in human DNA.   

Sample Collection
2mL of saliva was collected from 56 volunteers aged 18-25, 53 of whom 
also collected 30mL of urine. Saliva was collected as per the instructions of 
the Saliva DNA Collection, Preservation and Isolation Kit (Norgen Biotek). 
Urine was collected using the Urine DNA Concentration, Preservation and 
Isolation Kit (Norgen Biotek).

DNDNA Isolation
Saliva DNA Isolation took place using two methods: ethanol precipitation 
and a column-based protocol using the Saliva DNA Isolation Kit (Norgen 
Biotek). Urine DNA Isolation took place using the protocol contained in the 
Urine DNA Concentration, Preservation and Isolation Kit (Norgen Biotek).

DNA Quantification
DNDNA concentration was determined through gel densitometry using 
AlphaEaseFC™ (AlphaImager 2200-- AlphaInnotech) as well as Norgen 
Biotek’s FastRunner©, MidRanger©, and UltraRanger© DNA ladders.The 
Area Under the Curve (AUC) was generated from the AlphaEaseFC™ pro-
gram, corresponding to the pixel density of each band.

Restriction Enzyme Digestion and End-Point PCR
A double digestion was conducted using FastDigest® HpaII and 
FastDigest® HhaI (Fermentas International Inc.). Enzyme inactivation was 
achieved using heat inactivation, followed by clean up Norgen Biotek’s 
Enzymatic Reaction Clean-Up Kit. An end-point PCR was then run on all 
samples with primers flanking the p53 gene. GAPDH was used as a 
negative control. 

Figure 2. Column-based saliva DNA yield on a 1.0% agarose gel. Female 
non-smokers (NSF; A) appear to have more low-concentration samples 
than female smokers (SF, B).  This trend is not apparent in males 
(Non-smokers; C, Smokers; D). The red box (B) highlights noticeable lad-
der-like appearance of DNA, which is typical of apoptotic DNA. 

Figure 3. Ethanol-precipitation saliva DNA yields on a 1.0% agarose gel. 
The DNA yields are more variable in comparison to the column-based 
method. Female smoker samples (SF, B) appear to have a higher DNA 
concentration than the non-smoking females (NSF, A). This trend is not 
apparent in the male samples (Non-smoking males; C, Male smokers; D) 

Figure 4. The DNA concentrations for smokers compared to 
non-smokers, by sample type and gender [A) Graphical representation 
and B) P-values/significance]. Urine and saliva DNA concentrations were 
all higher for smokers when compared to their non-smoking counterparts 
(except the male ethanol precipitation saliva samples). This was 
statistically significant (P-value < 0.01) for the male urine DNA samples.

Figure 5. P53 promoter methylation assessment representative gel (Male 
non-smokers ethanol-precipitation saliva samples). None of the cut sam-
ples display a band, indicating no p53 gene promoter methylation. (c= cut, 
u=uncut).

Figure 1. Urine DNA yields on a 2.0% agarose gel. A) Female non-smok-
ers (NSF) appear to have overall a lower DNA yield than the B) female 
smokers (FS). The same trend can be observed in the C) male non-smok-
ers (NSM) compared to the D) male smokers (MS).  
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• Epigenetic alterations, such as DNA methylation, have recently come 
to the forefront of cancer research as these alterations are easily 
detected, and serve as valuable biomarkers in cancer progression and 
early detection. 

•• The p53 protein responds to stress signals often found in oncogenic 
alterations, such as DNA damage, hypoxia, oncogene expression, 
nutrient deprivation, or abnormal proliferation (1). Once these signals 
are detected, p53 is activated, rapidly inhibiting cell growth or inducing 
apoptosis. This is the method by which p53 prevents the proliferation 
of cancer cells. The p53 gene is found inactivated in over half of all 
human malignancies, and p53 gene promoter methylation has been 
linkedlinked to gene inactivation. This finding has also been found to be 
highly influenced by environmental factors, such as arsenic exposure 
and smoking (2). 

• Using saliva or urine for genetic analysis is very useful as it is extremely 
non-invasive, there is virtually no restriction on sample volume, and it 
can be readily performed (3). Components of blood often get into the 
urine of even healthy individuals through the glomerular membrane, 
and saliva actually contains plasma that leaks through microtraumas 
from blood vessels in the mouth (4). Urine also contains >1000-fold 
lower concentration of proteins than plasma, making DNA isolation 
from urine an easier technique than DNfrom urine an easier technique than DNA isolation from blood. 

• Plasma DNA concentration reflects the total amount of cell death 
occurring in an organism, thus DNA concentrations would be higher in 
an individual who faces a higher degree of destructive environmental 
exposures, such as cigarette smoking (5). A urine sample can be 
considered equivalent to a diluted blood sample, thus DNA 
concentration differences observed among patient plasma samples 
would also be observed among urine samples as well.

1) To determine if p53 methylation occurs in healthy, young individuals 
and to observe if smoking is an influential factor.

2) To determine if there are any differences between the methylation 
status of p53 in the urine and saliva collected from the same individual.

3) To determine if any differences can be found in the DNA concentration 
found in the urine and saliva collected from smokers compared to 
non-smokers 

- None of the DNA samples were found to have p53 promoter 
methylation, indicating that this is an unlikely event to occur in young, 
healthy individuals. This also confirms that genetic testing can take 
place using either saliva or urine, with the results being consistent 
despite which sample type is chosen. 

-- Aberrant DNA methylation stimulates T cell autoreactivity and 
autoimmunity, and harmful environmental exposures have been 
found to increase promoter DNA methylation for tumour-suppressor 
genes. Systemic apoptosis therefore would increase when the levels 
of aberrant DNA methylation increase (6). 

-   Similar to a blood sample, saliva and urine reflect the total amount of -   Similar to a blood sample, saliva and urine reflect the total amount of 
cell death occurring in an organism. Also, DNA concentrations would 
be expected to be higher in an individual who faces a higher degree 
of destructive environmental exposures, such as cigarette smoking 
(5). Thus, the statistically significantly higher DNA concentrations in 
the urine of males could potentially indicate smoking-induced 
aberrant DNA methylation. 

--  The differences found in the DNA concentrations of males versus 
females is common. Females are known to have more epithelial cells, 
specifically vaginal cells, and more bacterial cocci in their urine than 
males (7). 

-- Urine DNA concentrations in females is heavilly influenced by 
menstrual cycles and pregnancy. This is attributable to uterine 
epithelial cell shedding. As the women in the study were not asked if 
they were on their period or pregnant, there are no exclusion criteria 
for these women. This could explain why the urine DNA concentration 
differences were not apparent when female smokers were compared 
to non-smoking females. 


