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Abstract. Genomic medicine promises valuable support
for the clinician in predicting pathological conditions. The
Polymerase Chain Reaction (PCR) remains the gold
standard for gene detection. Electrical Bioimpedance
Spectroscopy (EBiIS) is a non-invasive, low-cost
technique that allows examining the electrical properties
of biological materials. Human papillomavirus (HPV) is
associated with cervical cancer and has recently been
studied as a potential risk factor for prostate cancer
(PCa). An EBIiS-based genosensor has been proposed
to detect fragments of the HPV L1 gene. As an initial
approach, this study evaluates the feasibility of detecting
a human endogenous gene present in PCa samples
through EBIiS measurements of the final PCR product.
Thirty samples from patients diagnosed with PCa were
examined, PCR amplification of the edogenous gene
OGG1 was performed and the gene amplification,
evidenced by electrophoresis, was estimated
semiquantitatively based on the intensity of bands in
agarose gel, which was correlated with EBIS
measurements. The results indicate a significant
association between the band intensity and the
bioimpedance phase angle at low frequencies,
particularly at 144 Hz (R=0.52, p<0.05). The detection of
an endogenous gene in PCa samples is feasible using
EBIiS and opens the possibility of new studies to explore
the feasibility of the same technique allowing the
detection of PCa-specific genes, such as the GP 5+/6+
fragment of the HPV L1 gene.
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1 Introduction

The primary goal of a clinician is to reach an
accurate diagnosis to develop effective strategies
for establishing appropriate treatment for the
patient [1]. Today, physicians have access to
various devices and diagnostic tests with adequate
sensitivity and  specificity for  pathogen
detection [2].

Over the past three decades, molecular
techniques have opened a new field of research in
biomedical sciences by extensively studying
Deoxyribonucleic Acid (DNA), known as “the
molecule of life,” due to its characteristic
information code of different living organism.
Genomic medicine emerged from the interest in
studying DNA fragments using the Polymerase
Chain Reaction (PCR) a gold-standard technique,
and gel electrophoresis to observe the
amplifications of specific sequences [3].

DNA is a molecule with electrical properties that
can be measured and characterized for developing
devices that allow its detection [4].

In recent years, EBIS has become a promising
field in the research of devices that use electrical
principles for diagnostic tests. These devices
provide clinicians with portable systems for
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pathogen detection in the office, offering the
advantages of being low-cost, non-invasive, easy
to operate an analyze, without the need for
laboratory studies requiring highly specialized and
expensive personnel and equipment [4—6].

Juhun Lim et al. (2021) developed a device for
real-time DNA detection using label-free PCR
through EBIS, performing measurements per
amplification cycle over a frequency range (100 Hz
to 1 MHz) and implementing a performance index
to monitor the optimal frequencies for detecting
the amplification of the gene of interest,
determining that the optimal frequencies were
3.984 kHz and 20.02 kHz for the real and
imaginary parts of the impedance respectively, in
concentrations of 10-4 ng/uL [7].

Chiticaru et al. (2023) developed a platform to
detect hybrid DNA based on the fabrication of
screen-printed carbon electrodes modified with
oxidized graphene and gold nanopatrticles.

This was followed by a preparation for the
detection of hybrid DNA, involving the reduction of
graphene oxide within the screen-printed carbon
electrode, followed by the reduction of the gold
nanoparticle to subsequently bind the hybrid DNA
strand through physical adsorption.

The used Cyclic Voltammetry and EBIiS for DNA
detection after inserting the complementary hybrid
strand, achieving high sensitivity to detect
concentrations as low as 1 nM of the analyte under
study [8].

Ames-Lastra et al. (2023) evaluated the
feasibility of a biosensor based on measurements
EBiS and PCR products labeled with chemical
fluoroscopy using SYBER Green®.

Researchers amplified sequences of a 200 bp
fragment of Entamoeba histolytica DNA, then
diluted the amplifications at 1:1, 1:2, 1:5, 1:10 and
performed measurements throughout EBIS.

The differential spectrum analysis showed clear
differences between the DNA concentration with
the spectrum ranges of magnitude an phase angle,
observing that frequency ranges of 500-700 kHz
and 700-900 kHz for magnitude ratio and phase,
respectively, correlated with the different
concentrations, demonstrating that EBIiS was a
feasible alternative technique to detect PCR
product amplicons [9].
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1.1 HPV as a Potential Risk Factor to PCa

Human Papillomavirus (HPV) is a pathogen that is
classified among sexually transmitted diseases,
belonging to the Papillomaviridae family, where
around 200 different virus genotypes have been
described, most of which cause benign genital
warts, also known as low-risk genotype viruses. It
is transmitted sexually and is the second most
common pathogen worldwide that causes cancer
after Helicobacter pylori.

Some HPV genotypes (16, 18, 33, 35, 45, 51,
56, 58, 59, 68, 73, 82) cause changes in the
cellular morphology of the cervical epithelium,
transforming them into cancerous cells, also
known as high-risk genotypes. Cervical cancer is
the second most common cancer in women
worldwide, with genotypes 16 and 18 being the
most prevalent [10, 11].

HPV has an icosahedral capsid composed of
two types of proteins, L1 and L2, which protect a
double-stranded DNA molecule of approximately 7
to 8 kbp and seven early coding regions that
regulate transcriptions, replication, and
overexpression of the gene during cellular
infection [11, 12].

The L1 gene of HPV encodes the protein of the
virus’s icosahedral capsid, making it the most
conserved in mutation rate and the one used to
determine infection by the virus. It contains
conserved regions in most species, with the MY11
fragment at 450 bp, L1C1 at 244 bp, and the GP
5+/6+ gene at 150 bp being the targets for HPV
study [13].

In recent years, researchers have observed
that genotypes such as 56 and 58 have been found
in men with Benign Prostatic Hyperplasia (BPH)
and in patients diagnosed with Prostate Cancer
(PCa) [12, 14-16].

The aim of this study is to detect OGG1 an
endogenous gene in PCa samples using the EBIS
technique, which opens the door to future studies
to investigate whether this methodology could also
be applied to the detection of HPV-specific genes,
such as the GP 5+/6+ fragment of the L1.

2 Materials and Methods

Thirty paraffin-embedded prostate tissue samples
from patients diagnosed with PCa were obtained
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Fig. 1. Diagram of the experimental design. Sequence of steps for EBiS measurement and electrophoresis of samples

Table 1. Primers OGG1

Sense Sequence
Forward 5TTCCACCTCCCAACACTGTCAZ
Reverse 5TGCCTGGCCTTTGAGGTAGT3’

from the physical pathology archive of the Central
Military Hospital of Mexico.

2.1 Sample Preparation

The xylene technique was used for
deparaffinization. Subsequently, the phenol-
chloroform-isoamyl alcohol technique was used for
DNA extraction.

The samples prepared for the amplification of
the endogenous gene OGGL1 with specific primers
(Table 1) prepared 50 pL with master mix using the
Platinum Hot Start PCR 2X Master Mix kit from
Invitrogen® according to the
manufacturer’s instructions.

2.2 EBiS Measurement

The EBIS measurement were performed using the
ISX-3  bioimpedance  analyzer  (Sciospec
Scientific®, Leipziger, Bennewitz, Germany), serial
number 01-000B-002F-0406 with a maximum
voltage of 100 mV., coupled with gold film

interdigitated microelectrodes embedded in a
glass surface, with 10x10 mm features. The
programming and storage for Sciospec Scientific®
were carried out on a personal computer.

The procedure involved measurements in air,
Milli-Q® water, and saline solution to establish
impedance reference parameters. Subsequently,
measurement was taken with 2 uL of the samples
prepared before and after gene amplification
according to the Figure 1. Following these steps:

1) The microelectrode is cleaned with 5 pL of
Milli-Q® water.

2) The microelectrode is dried with specialized
cleaning wipes (Kimwipes®, Kimtech
Science™ brand S-8115 kimberly-Clark®
Mexico).

3) 2 pL of the sample are placed on the
microelectrode for EBiS measurement.

4) After the measurement, the sample is
removed from the microelectrode with
wipes, and 5 pL of Milli-Q® water is applied
and dried.

5) Amplification is performed.
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Fig. 2. OGG1l amplification on agarose gel.
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Fig. 3. Scatter plot intensity of bands on agarose gel by Image J software vs Bioimpedance phase angle at 144 Hz. A
Pearson test shows statistically significative correlation (R=0.52, p<0.05)

6) After amplification, the steps mentioned
above are repeated with
amplification sample.

2.3 Electrophoresis and Semiquantification

The amplicons were evaluated by 1.5% agarose
gel electrophoresis according to Figure 1.
Subsequently, a semiquantification was performed
based on the intensity of the amplicon band from
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electrophoresis gel of the thirty patients with PCa,
using Image Lab 6.1 software, Bio-Rad®, as
shown in Figure 2.

2.4 Data Processing

The data processing was carried out by elaborating
a matrix in Excel® tables and using SPSS®
Statistics software (version 21.0).
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2.5 Ethical Conditions

This study follows the ethical conditions and
research principles of international standards
endorsed an approved by the Ethics and Research
Committees of the Central Military Hospital of
Mexico with registration numbers CEI-11/2022 and
062/2022 respectively.

3 Results

The endogenous OGG1 gene was amplified in all
thirty patients, confirmed by the electrophoresis
gel. The band intensity was semiquantified with
software Image Lab 6.1 Bio-Rad®. The magnitude
and phase angle results were obtained for the thirty
patients. An association between band intensity
and phase angle at low frequencies, particularly at
144 Hz (R=0.52, p<0.05), was observed as shown
in Fig 3.

4 Discussion

A correlation was found between the results of the
band intensity of the  semiquantitative
measurement of amplification of OGG1 and the
EBIiS measurement at low frequencies, compared
to the results obtained by Ames-Lastra et al. [9]
Unlike that work, the amplification was performed
label free, opening the possibility of improving
detection and lowering the cost of the label.

The amplification detection in this study at 144
Hz frequency was even lower than the one
obtained by Juhum et al. [7] and we could look for
a way to make a performance index as proposed
in his work.

Additionally, unlike the approach by Chiticaru et
al. [8], the electrodes were not functionalized,
which simplifies the operation of the device and
opens the potential for designing portable devices
in the future.

5 Conclusions

The detection of the endogenous OGG1 gene in
PCa samples is feasible through EBIS, opening the
possibility of exploring new studies using the same

technique for detecting the L1 gene fragment,
specifically GP 5+/6+ of HPV in patients with PCa.
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