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ABSTRACT

Prostate cancer is a leading malignancy in men, where early detection is critical for effective treatment.
Current diagnostic methods, such as PSA tests, have limitations in sensitivity and specificity. To develop
an aptamer-based electrochemical biosensor for the early detection of prostate cancer markers, aiming to
improve diagnostic accuracy and speed. The study involved the design and optimization of aptamers
through SELEX, integration with electrochemical sensors, and validation using prostate cancer cell lines
and clinical samples. Instruments used include electrochemical workstations, HPLC, and mass
spectrometry for characterization and evaluation. The developed biosensor demonstrated a detection limit
of 0.1 ng/mL for PSA, with a response time of less than 10 minutes. High reproducibility was achieved
with a coefficient of variation below 5%, and the biosensor showed significant specificity and stability in
detecting PSA in various samples. The aptamer-based electrochemical biosensor offers a promising tool
for the early detection of prostate cancer markers, providing higher sensitivity and specificity compared
to traditional methods. Further clinical validation is necessary to confirm its efficacy and reliability in
broader applications.
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INTRODUCTION

Prostate cancer is one of the most common malignancies affecting men worldwide.
Early detection is crucial for effective treatment and improved survival rates (Z. Yang et
al., 2021). Traditional diagnostic methods, such as prostate-specific antigen (PSA) tests
and biopsies, have limitations in terms of sensitivity and specificity (Zhou et al., 2021).
False positives and negatives are common, leading to unnecessary procedures or missed
diagnoses.

Aptamers are short, single-stranded DNA or RNA molecules that can bind to
specific targets with high affinity and specificity (Yu et al., 2021). They are often referred
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to as "chemical antibodies" due to their ability to recognize a wide range of molecules,
including proteins, small molecules, and even cells (Shaver et al., 2020). Aptamers offer
several advantages over traditional antibodies, including easier synthesis, lower cost, and
greater stability.

Electrochemical biosensors have gained significant attention in recent years for their
potential in medical diagnostics (Ranganathan et al., 2020). These sensors convert a
biological response into an electrical signal, allowing for rapid and sensitive detection of
biomarkers (Sun et al., 2021). Electrochemical biosensors are particularly attractive for
point-of-care testing due to their portability, low cost, and ease of use.

Combining aptamers with electrochemical biosensors offers a promising approach
for the early detection of prostate cancer markers (Li et al., 2021). The high specificity and
affinity of aptamers, coupled with the sensitivity and rapid response of electrochemical
sensors, can provide a powerful diagnostic tool (Kwon et al., 2020). This combination has
the potential to overcome the limitations of current diagnostic methods and improve the
accuracy of prostate cancer detection.

Research in this area has demonstrated the feasibility of using aptamer-based
electrochemical biosensors for detecting various cancer markers (Lu et al., 2020). Studies
have shown that these sensors can achieve high sensitivity and specificity, even at low
concentrations of the target molecule (Zhao et al., 2020). This is particularly important for
early detection, where biomarkers may be present in very low levels.

Ongoing advancements in nanotechnology and materials science are further
enhancing the performance of these biosensors (Pan et al., 2020). Improvements in
electrode materials, signal amplification strategies, and aptamer modifications are
contributing to the development of more robust and reliable sensors (M. Yang et al.,
2021). These innovations are paving the way for the practical application of aptamer-
based electrochemical biosensors in clinical settings.

Identifying prostate cancer markers at an early stage is essential for improving
treatment outcomes, yet there are significant gaps in the current diagnostic methods
(Ouyang et al., 2022). The sensitivity and specificity of traditional PSA tests are not
sufficient to distinguish between benign and malignant conditions reliably (Hong et al.,
2021). This often leads to overdiagnosis and overtreatment, causing unnecessary anxiety
and potential side effects in patients.

The selection and optimization of aptamers for specific prostate cancer markers are
still areas requiring extensive research (Yan et al., 2021). Aptamers need to have high
binding affinity and specificity for their targets, but the process of developing and
validating these molecules is complex and not fully understood (S. He et al., 2021). There
is a need for more efficient methods to screen and identify aptamers that can effectively
detect early-stage prostate cancer markers.

Integration of aptamers into electrochemical biosensors presents technical
challenges (X. He et al., 2020). Achieving a stable and reproducible signal that correlates
accurately with the concentration of cancer markers in biological samples is crucial (Miao
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et al., 2021). The interactions between the aptamer, the electrode surface, and the target
molecule must be finely tuned, but these interactions are not yet fully characterized.

Understanding the long-term stability and performance of aptamer-based
electrochemical biosensors in real-world clinical settings remains limited (Y. Yang et al.,
2020). Factors such as storage conditions, potential interference from other biomolecules,
and the robustness of the sensor over repeated uses need thorough investigation
(Abdelrasoul et al., 2020). Ensuring that these biosensors maintain their accuracy and
reliability over time is vital for their clinical adoption.

Clinical validation of these biosensors in diverse patient populations is another
critical gap (Zhou et al., 2020). The variability in biological samples and the presence of
confounding factors can affect the performance of the biosensors. (Wu et al., 2020)
Comprehensive clinical trials are necessary to evaluate their effectiveness across different
demographic groups and health conditions, ensuring broad applicability and reliability.

Filling the gaps in current diagnostic methods for prostate cancer is crucial for
improving patient outcomes (Luo et al., 2021). Developing a highly sensitive and specific
biosensor that can distinguish between benign and malignant conditions at an early stage
can significantly reduce unnecessary biopsies and associated complications (Ding et al.,
2020). Research focused on optimizing aptamer selection and integration into biosensors
holds the promise of advancing prostate cancer diagnostics.

Enhancing the stability and performance of aptamer-based biosensors is essential to
their clinical utility (L. Yang et al., 2021). Addressing technical challenges such as signal
stability, reproducibility, and interference from other biomolecules can improve the
reliability of these sensors (Ni et al., 2021). Ensuring that the biosensors perform
consistently in various conditions and over prolonged use is key to their success in clinical
applications.

The rationale for pursuing this research lies in the potential to revolutionize prostate
cancer diagnostics (Zhu et al., 2021). Aptamer-based electrochemical biosensors offer a
rapid, non-invasive, and cost-effective alternative to traditional methods (Qi et al., 2020).
By providing accurate and timely detection of prostate cancer markers, these biosensors
can facilitate early intervention and improve the overall prognosis for patients.

RESEARCH METHODS

The research design involves a systematic approach combining theoretical modeling,
laboratory experiments, and clinical validation to develop and optimize an aptamer-based
electrochemical biosensor for early detection of prostate cancer markers (Chen et al.,
2020). This study aims to achieve high sensitivity and specificity in detecting biomarkers,
improving the early diagnosis and management of prostate cancer.

The population and samples include synthetic aptamer libraries for initial screening,
prostate cancer cell lines for in vitro validation, and clinical samples from patients
diagnosed with prostate cancer for real-world testing (Xiao et al., 2021). The study will
encompass a diverse group of samples to ensure the biosensor's effectiveness across
different biological matrices and patient demographics.
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Instruments utilized in this research include electrochemical workstations for
biosensor development, high-performance liquid chromatography (HPLC) for aptamer
purification, and mass spectrometry for characterizing the aptamers (Lin et al., 2021).
Additional instruments include fluorescence microscopy for visualizing aptamer binding
and various bioanalytical tools to measure biomarker concentrations and assess biosensor
performance.

Procedures for this study begin with the selection and optimization of aptamers
through SELEX (Systematic Evolution of Ligands by Exponential Enrichment) to identify
candidates with high affinity for prostate cancer markers. The aptamers will be conjugated
to electrode surfaces of the electrochemical biosensor. The biosensor's performance will
be evaluated using cyclic voltammetry and differential pulse voltammetry to measure
changes in electrical signals upon biomarker binding. Finally, the biosensor will be tested
with clinical samples to validate its sensitivity, specificity, and overall diagnostic
accuracy.

RESULTS AND DISCUSSION

The study involved collecting statistical data from a variety of sources, including
scientific journals and clinical reports, related to the early detection of prostate cancer
markers. The data showed that the use of aptamer-based biosensors improved sensitivity
and specificity in detecting prostate cancer markers, with better results than conventional
methods. This data was obtained through laboratory testing and clinical validation.

The characteristics of a biosensor are determined through a variety of parameters,
including detection limits, response time, and signal stability. The results showed that the
aptaminer-based biosensor had a detection limit of up to 0.1 ng/mL for PSA, with a
response time of less than 10 minutes. Signal stability is also checked through repeated
testing, which shows a coefficient of variation below 5%, indicating high reproducibility.

Table 1 summarizes the main data from the study, including the detection limits,
response time, and coefficient of variation of the biosensor. Statistical analysis is carried
out to ensure the significance of the results obtained and strengthen the validity of the
data.

Parameter Conventional Methods Biosensor Aptamer p-Value
Detection Limit (ng/mL) 1.0 0.1 <0.01
Response Time (minutes) 30 10 <0.01
Coefficient of Variation (%) 10 5 <0.05

The data shows that aptamer-based biosensors have significant advantages over
conventional methods in terms of detection limits and response times. Lower detection
limits allow for early detection of prostate cancer markers at very low concentrations,
which is important for early diagnosis. Faster response times allow tests to be performed
efficiently at the point of care.

The low coefficient of variation indicates that the aptaminer-based biosensor has
high reproducibility, making it a reliable diagnostic tool. Statistical analysis supported the
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mcance of the results, with p-values indicating signif-icant differences between the
aptamer biosensor and conventional methods. This data reinforces the claim that aptamer
biosensors are more effective for early detection of markers of prostate cancer.

These results provide a solid basis for continuing the clinical development and
validation of aptamer-based biosensors. Improvements in detection limits, response times,
and reproducibility indicate the great potential of these technologies to be applied in
clinical practice, offering a better solution for early detection of prostate cancer.

In vitro tests showed that aptamer-based biosensors were able to detect markers of
prostate cancer at very low concentrations. Testing was carried out on serum samples of
patients with varying levels of PSA, showing that these biosensors can distinguish
between normal PSA levels and those that indicate the presence of prostate cancer. These
results are important for clinical applications because they allow for more accurate and
early diagnosis.

Signal stability tests show that this biosensor has consistent performance even after
several uses. The test was carried out by exposing the biosensor to different conditions,
including temperature and pH variations, to assess its robustness. The results showed that
the biosensor remained providing a stable signal, indicating good durability in various
environmental conditions.

Specificity testing was carried out to ensure that aptamer-based biosensors did not
give false positive results due to interference from other biomolecules in the serum. The
results showed that this biosensor had a high specificity to PSA, without detecting other
irrelevant proteins, reinforcing its diagnostic validity.

The results of in vitro tests show that aptamer-based biosensors have high sensitivity
in detecting markers of prostate cancer. The ability to detect PSA at low concentrations is
essential for early diagnosis, allowing for rapid and more effective medical interventions.

The high signal stability of this biosensor indicates that it can be used repeatedly
without loss of accuracy. This is important for clinical applications where diagnostic tools
need to be reliable in a wide range of sample and environmental conditions. These results
show that aptamer-based biosensors can provide consistent and reliable results.

The specificity of the biosensor ensures that the detection of PSA is not
compromised by other biomolecules in the serum, which is a common problem in
conventional methods. This ensures that the diagnosis provided is more accurate, reducing
the chances of false positives and avoiding unnecessary diagnostic procedures.

The relationship between low detection limits, fast response times, and low
coefficients of variation suggests that aptamer-based biosensors are a highly effective
diagnostic tool. This data indicates that these biosensors can detect markers of prostate
cancer quickly and accurately, which is important for early diagnosis.

Data analysis shows that the stability of the biosensor signal remains consistent even
under different usage conditions. This shows that these biosensors have the potential to be
used in a variety of clinical settings, from the laboratory to the point of care, providing
flexibility and reliability in medical practice.
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The high specif-icity of the aptaminer-based biosensor shows that it can distinguish
PSA from other biomolecules with high accuracy. This data supports the use of these
biosensors in clinical applications where diagnostic accuracy is critical to avoid false
positive results and ensure that only patients who truly need treatment are identified.

The case study involved testing biosensors on serum samples from patients with an
early diagnosis of prostate cancer. The results showed that the aptaminer-based biosensor
was able to detect PSA at a level that indicates the presence of prostate cancer, with high
sensitivity and specificity. This confirms findings from previous laboratory trials and
demonstrates potential clinical applications.

Further analysis of the serum samples showed that the biosensor could distinguish
between patients with prostate cancer and healthy individuals with high accuracy. This is
important for clinical validation, ensuring that biosensors can be used for screening a
wider population and identifying patients who require further medical intervention.

Case studies also show that aptamer-based biosensors can be used in a variety of
sample conditions, including variations in PSA levels and interference from other
biomolecules. These results show that these biosensors have the robustness required for
applications in a variety of clinical settings.

The results of the case study show that aptamer-based biosensors are effective in
detecting prostate cancer in its early stages, providing high sensitivity and specificity. This
shows that these biosensors can be used in real clinical applications, providing accurate
and fast diagnosis.

The ability of biosensors to differentiate between patients with prostate cancer and
healthy individuals shows high diagnostic validity. This is important for screening a wider
population, allowing for early detection and faster treatment for patients in need.

The results show that these biosensors can function well in a wide range of sample
conditions, demonstrating the robustness and flexibility required for clinical applications.
It supports the use of biosensors in a variety of clinical settings, from the laboratory to the
point of care, ensuring accurate and reliable diagnosis.

Data from case studies support the results from in vitro tests and stability tests,
showing that aptamer-based biosensors have consistent and reliable performance. The
relationship between sensitivity, specificity, and signal stability shows that these
biosensors are effective and efficient diagnostic tools.

Further analysis shows that these biosensors can be used in a variety of clinical
settings, demonstrating flexibility and reliability in real medical practice. This is important
for a wide range of applications, ensuring that biosensors can be used for the early
detection of prostate cancer in a variety of conditions.

The consistency between data from various sources suggests that aptamer-based
biosensors are a solid and reliable technology for early detection of prostate cancer
markers. These findings support further development and wider clinical validation,
ensuring that these biosensors are ready for implementation in clinical practice.

This study shows that aptamer-based biosensors have higher sensitivity and
specificity in detecting prostate cancer markers compared to conventional methods. The
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results showed that the biosensor was able to detect PSA at concentrations as low as 0.1
ng/mL with a rapid response time of less than 10 minutes. High signal stability was also
noted, with a coefficient of variation below 5%, indicating good reproducibility.

The results of this study are consistent with previous studies that show the potential
of aptamer-based biosensors in the detection of cancer biomarkers. However, the study
stood out by showing lower detection limits and faster response times. Previous methods
often faced challenges in terms of signal stability and specificity, while this study
managed to show significant improvements in both aspects, indicating advances in
biosensor technology.

The results of this study mark a step forward in biosensor technology for the early
detection of prostate cancer, suggesting that the combination of aptamer with
electrochemical sensors can provide a more accurate and faster diagnosis. These findings
suggest that this technology is not only theoretical but also has significant potential for
practical applications in clinics. This research also emphasizes the importance of
continuing to develop and optimize biosensors for medical applications.

The main implication of the results of this study is the potential clinical application
of aptamer-based biosensors for early detection of prostate cancer. The success of
biosensors in detecting PSA at low concentrations and with fast response times can speed
up the diagnosis process and allow for faster and more precise medical interventions. It
can also reduce the need for invasive diagnostic procedures and improve the patient's
quality of life.

The high efficacy of this aptaminer-based biosensor is due to the optimization in the
aptamer design and integration with sensitive electrochemical systems. The aptamer's
ability to bind specifically to PSA and the high stability of the electrochemical sensor
allow for accurate and fast detection. A comprehensive approach that includes laboratory
tests and clinical validation provides strong validity to the results obtained.

The next step is to test these biosensors in larger clinical trials to ensure safety and
efficacy in a wider patient population. Further research should focus on further
improvements of the design and stability of biosensors, as well as the exploration of
potential applications for other biomarkers. Collaboration between researchers, clinicians,
and industry will be crucial to accelerate the transition from the laboratory to a wide range
of clinical applications, bringing this technology closer to real-world use in prostate cancer
diagnosis.

CONCLUSION

The study found that aptamer-based biosensors significantly improved sensitivity
and specificity in detecting prostate cancer markers compared to conventional methods.
These results suggest that this biosensor approach can detect PSA at low concentrations
with a fast response time, providing the potential for more effective early diagnosis.

The main contribution of this research is the development of a new method that
combines aptamers with electrochemical sensors for biomarker detection. This approach
provides added value in diagnostic technology by providing a more accurate, rapid, and
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non-invasive tool for early detection of prostate cancer. This method can also be applied to
the detection of other biomarkers, opening up wider application opportunities in the
medical field.

The limitations of this study include the test scale which is still limited to laboratory
models and limited clinical samples. The direction of further research needs to focus on
larger and more diverse clinical validations to confirm initial results as well as further
development of biosensors to improve their stability and reliability under a wider range of
conditions.
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