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Introduction
Cervical cancer is the fourth leading cause of death in the world [1]. This poor prognosis 

is due to the fact that in two out of three cases the disease is diagnosed in advanced stages. 
Consequently, advances in detection methods can lead to early diagnosis of the disease and 
consequently to an improved prognosis. Methods based on tumor markers present in blood 
are a promising tool for early diagnosis and in general for biochemical screening of patients 
with cervical cancer [2,3]. They also offer the added value of being non-invasive methods. 
Evidence has been found of the release of viral DNA into the blood, so its quantification has the 
potential to serve as a tumor marker. If this viral DNA is detected in the blood, it would indicate 
possible malignant transformation, which can reflect tumor size, viral load, and response to 
treatment [4]. Apoptosis is also a natural biological process that leads to cell fragmentation 
and the release of nuclear material in the form of mono- and oligo-nucleosomes [5]. It has 
been estimated that several hundred billion to one trillion cells die daily in the adult human 
body because normal physiology must be replaced by a similar number generated through 
mitosis. 
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Despite the existence of an efficient elimination system, a 
considerable amount of apoptotic genetic material [6] enters 
the circulation in normal individuals and at elevated levels in a 
multitude of acute and chronic human pathologies, including cancer 
[7,8]. Circulating nucleic acid levels increase with age. However, the 
probable physiological role of circulating nucleic acids in the blood 
of patients with preneoplastic lesions is beginning to be elucidated 
[9,10].

Objective
To determine the amount of circulating DNA a viral DNA in the 

serum of patients with precancerous lesions.

Material and Method
The study was carried out with 40 healthy women and 120 

women with precancerous lesions, who attended gynecological-
obstetric care at the Hospital del niño y la Mujer in San Luis 
Potosí for consultation for gynecological-obstetric care. Of the 
120, 40 had cervical intraepithelial neoplasia type I (CINI), 40 had 
cervical intraepithelial neoplasia type II (CIN II), 40 had cervical 
intraepithelial neoplasia type III (CINIII). The diagnosis was 
confirmed by cytology, colposcopy and histopathology. Informed 
consent was obtained from the patients.

6mL of blood was collected in specific vacutainer tubes for 
serum separation, containing clot activation. Additive and barrier 
gel. Separation was performed at room temperature within 2 hours 
of sample collection. The serum was stored at 4 °C and processed 
within 6 hours. Blood was separated by centrifugation (1,000×g, 15 
min) and passed through a 13mm serum filter (Fisher Scientific) to 
remove potentially contaminating cells. Twenty ul of proteinase K 
(20mg/ml, Invitrogen), and the Wizard® Genomic DNA Purification 
Kit, DNA extraction kit (Promega) were used. DNA was quantified 
in NanoDrop 2000c UV-Vis for integrity and purity.

On the other hand, papillomavirus detection/genotyping was 
performed by qPCR in a Pikoreal kit (Thermo Fisher Scientific). 
Specific oligonucleotides were used to determine the amount of 
viral DNA, for genotypes 16 and 18, from the same samples (Table 
1). The qPCR was performed in 96-well plates, in which were 
placed: 7 picomoles/microliter of the sense oligo, 5picomoles/
microliter of the antisense oligo, 5 microliters of SYBR Green (Real-
time PCR Master Mix), 50 nanograms/microliter of DNA extracted 
from the samples and adjusted to a10uL final volume with sterile 
H2O. The plate was placed in the real-time qPCR equipment and 
programmed to the following conditions (Table 2).

Table 1: Sequences of oligos for E6 HPV-16, E6V PH-18.

OLIGO LENGTH SEQUENCE (5’->3’)

E6-VPH-16 (SENSE) 20 bp AATGTTTCAGGACCCACAGG

E6-VPH-16 (ANTISENSE) 22 bp GTTGCTTGCAGTACACACACATTC

E6-VPH-18 (SENSE) 21 bp ACCCTACTACAAGCTACCTGATCT

E6-VPH-18 (ANTISENSE) 24 bp ACCTCTCTGTAAGTTCCAATACTGTC

Table 2: Amplification conditions for EVPH-16, EVPH18.

Amplification Program

Temperature Weather Cycles

95 °C 10 minutes 1 cycle

95 °C 15 seconds
40 cycles

60 °C 1 minute

95 °C 15 seconds

1 cycle60 °C 1 minute

95 °C 15 seconds

Statistical Analysis
Mean values for healthy women and patients with each stage 

of precancerous lesion were compared by ANOVA, and with a 
subsequent Dunnett’s multiple comparison. We also analyzed 
whether there was a clinicopathological effect using a multiple 
regression model. The variables indicated for the analyses were 
entered (p<.05). Multiple linear regression was used to evaluate the 
possible dependence of mean serum DNA integrity on patient age 
and clinical information of the lesion. GraphPad Prism version 9.1 
was used to perform statistical analysis. A P value of less than 0.05 
was considered significant.

Results
Clinical data of healthy subjects and subjects with 
precancerous lesions

The mean age for healthy subjects was 35 ± 14 years, and that 
of patients with precancerous lesions was 46 ± 12 years. Table 3 
shows the characteristics of the precancerous lesions.

Table 3: Clinicopathologic features of precancerous 
lesions.

Variable Number Percentage

Sex   

Women 160 100

Diameter of lesion, mm
3±± 2.1

Mean Standard deviation 

Histopathological grade

CIN I 40 25

CIN II 40 25

CIN III 40 25

Circulating DNA in serum from patients with 
precancerous lesions

The extracted DNA had a purity between 1.6-1.8 with good 
integrity. More shDNA (free human DNA) was extracted in samples 
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with CIN III (188ng/ul); CIN II (126ng/ul) and CIN I (55ng/ul), then 
in serum samples from healthy subjects (controls 20.8ng/ul; Figure 
1).

Figure 1: Free human DNA in serum samples taken 
from controls and patients with pre-cancerous lesions.

**** P< 0.0001, with an ANOVA test. CIN, Cervical 
Intraepithelial Neoplasia; ns, not significative.

On the other hand, the results obtained for qPCR were as 
follows: one third (39) of the 120 patients showed at least one 
high-risk genotype in serum, predominantly HPV 16, with a higher 
number of copies (700 copies/uL; Figure 2). In addition, more 
than half of the patients had co-infection with HPV 16 and HPV 18. 
(Table 4).

Figure 2: Genotyping of HPV 16, and HPV 18, in 10 ul 
of free DNA from the 120 serum samples collected from 
patients with pre-cancerous lesions. **, P< 0.001, with 

an ANOVA test. ns, not significative.

Table 4: Results of qPCR for HPV16, HPV18 in serum samples.

Type of Sample Serum Serum Serum

DNA HPV16 HPV18 HPV16 and 18

N (sample number) * 120 120 120

Number of samples amplified 39 40 88

Mean (copies/µL) ** 7x103 4.3 x 101 11.3 x 101

Median (copies/µL) ** 140 0 0

Minimum (copies/µL) ** 0 0 0

Maximum (copies/µL) ** 2.6 x 105 989 989

Cases of amplified samples: All samples were analyzed for hDNA.ç. The amount of DNA detected as copies /μL of DNA 
extract.

Discussion
Studies have shown elevated levels of free circulating DNA of 

various forms in serum or plasma from patients with various types 
of cancers [11-14]. Circulating DNA as a biomarker of malignancies 
can be detected in the form of allelic imbalance, gene methylation 
and gene mutation [15]. Recently, it has been shown that the length 
of cell-free plasma DNA in patients with pancreatic cancer was 
greater than in healthy controls [16]. Another study has indicated 
that circulating DNA integrity, calculated from 400bp and 100bp 
qPCR threshold values of a specific gene, may be a molecular 
biomarker for the detection of gynecological cancer [17].

To improve our knowledge, this study investigated the 
significance of free DNA by comparing three groups with 
precancerous lesions against a control group. All patient samples 

involved Mexican women from San Luis Potosi capital, and we found 
an increasing trend as the lesion progresses. It has been documented 
that the high concentration of free DNA may be due to decreased 
DNAs an activity, LOH and genetic aberrations, such as allelic 
imbalance and epigenetic changes of promoter hypermethylation 
that have been detected in free DNA from patients with other types 
of cancer such as lung cancer [18]. This may be explained by the 
fact that DNA released from malignant tumors into the bloodstream 
has a better diffusion compared to tumor cells [19]. This feature 
could well correspond to tumor activity or viral load in this case of 
Human Papilloma virus, which we found to be elevated in patients 
with CIN III.

Schwarzenbach et al. [20] observed correlations between 
plasma DNA and circulating tumor cells (CTCs) in prostate cancer 
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patients. They explained this interesting finding by assuming that 
cell-free tumor DNA in peripheral blood can be derived not only 
from the primary tumor but also from circulating or disseminated 
tumor cells. It was found that tumor cells spread throughout the 
body before the primary tumor has acquired multiple genomic 
changes and DTCs (disseminated tumor cells) may acquire key 
molecular changes that may allow them to form overt metastasis. 
In our case patients with CIN III have genomic damage as we 
previously reported [3].

Jung et al. [21] reported that 11 of 30 patients with lymph 
node metastases had increased DNA concentrations associated in 
only one case with an increased concentration of osteoprotegerin 
as a distant metastatic indicator in patients with prostate cancer. 
Therefore, an elevated DNA concentration could indicate a 
metastatic process already with early lymphatic involvement. This 
could suggest that CIN III patients with free DNA and HPV viral 
load are more likely to develop metastasis. The data obtained in 
the present study are in complete agreement with the majority of 
investigations that detected higher levels of free DNA in patients 
with adverse prognosis or increased with metastases for other 
types of cancer [22,23]. Therefore, serum free DNA, together with 
molecular typing of HPV type can be considered an important non-
invasive and useful biomarker, especially for follow-up in patients 
with preneoplastic lesions. Our results showed no correlation of 
any of our markers with clinicopathological parameters. These 
results are in agreement with previously obtained data [24-26].

However, the quantification of circulating cell-free DNA still has 
some limitations, such as differences in methodology and lack of 
standardization in these methodologies, which has hindered the 
practical implementation of these tumor markers. For example, 
several studies use plasma to quantify circulating cell- free DNA, 
while other studies use serum as a template [27].

In addition, some studies performed DNA extraction and 
measured circulating cell-free DNA levels by qPCR, while other 
studies use serum or plasma as a direct template to quantify 
cell-free DNA [28,29]. However, most published reports consider 
cDNA integrity of serum and/or plasma as a promising molecular 
biomarker to detect various types of malignancies.

In conclusion, our results revealed a highly significant level of 
cDNA with high integrity in the plasma of patients with preneoplastic 
lesion. Therefore, it may become a valuable noninvasive biomarker 
for the detection and monitoring of preneoplastic lesions, as it 
provides a simple and inexpensive measure for the detection and 
follow-up of these lesions. In this study, we observed a differential 
quantification of circulating DNA in patients, as well as the 
difference in copy number, with a higher viral load for HPV 16.
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