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ABSTRACT: Liquid biopsy represents an advanced non-invasive cancer detection system which analyzes biomarkers found in
blood and other body fluids. MicroRNAs (miRNAs) are important biomarkers because they are stable, disease-specific, and have
the potential to reflect tumor dynamics. The miRNA-107 plays an important role in the development and progression of prostate
cancer (PCa), which makes it a potential target for early diagnosis and monitoring.

A low-cost paper-based electrochemical platform was developed for sensitive miRNA-107 detection, using in-house synthesized gold
nanoparticles (AuNPs)-modified screen-printed electrodes (SPEs) to enhance conductivity and surface area. A DNA probe labeled
with methylene blue (MB) was immobilized on SPEs via Au-S bonding. It was then rinsed with deionized (DI) water, and blocked
with 6-mercapto-1-hexanol (MCH) to lower nonspecific binding. The platform works on “signal-off” square wave voltammetry (SWV)
mechanism which decreases current upon addition of target miRNA hybridization. The key parameters AuNPs volume, probe
concentration and frequency were optimized. The sensor has achieved detection limits of 1.8 nM in PBS and 1.0 nM in serum, with
strong selectivity against non-target miRNAs.

The results show that this approach has a strong potential to be a rapid, reliable and cost-effective tool for PCa detection. Itis portable
and easy to use, making it suitable for resource-limited settings, and thus a practical solution for early diagnosis and monitoring at
the point of care (POC).
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Impact statement: POC devices have the potentiality to revo- diagnostics.
lutionize the access to diagnosis and care. Liquid biopsy on chip
means opportunity for all patients to get timely responses and
interventions. MiRNAs represent very promising biomarkers in
the field of liquid biopsy, and their decentralized monitoring can
be performed at portable strips, similarly in simplicity to those
utilized by diabetes patients to monitor blood glucose.
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disease resulted in 397,430 deaths during 2020
INTRODUCTION and researchers predict 2.9 million new cases will
Prostate cancer (PCa) is the second most frequently  occur each year until 2040 (4, 5). The incidence rate
diagnosed cancer among men worldwide (1-3). The  increases dramatically with age. The majority of PCa
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cases progress slowly but the disease can transform
into an aggressive form that threatens life (6). So
premature early detection and precise monitoring
become crucial (7).

Current diagnostic practices for PCa include pros-
tate-specific antigen (PSA) testing, digital rectal exam-
ination (DRE), and biopsies (8-10) . PSA testing has
helped with early detection of PCa. However, it lacks
specificity. Elevated PSA levels can also occur due
to benign conditions like prostatitis or benign pros-
tatic hyperplasia. This often leads to overdiagnosis
and overtreatment of non-aggressive cases (11). DRE
serves as a supplementary tool but has limitations in
sensitivity and specificity (12). The gold standard for
confirming PCa still remains tissue biopsy because
it provides detailed histopathological insights. The
procedure is invasive and carries risks of bleeding
and infection and may miss tumors which results
in false negatives (13, 14). Traditional methods have
demonstrated such significant drawbacks that alter-
native methods have become essential to achieve
precise results with low /or minimal invasiveness.
The focus of research has moved toward developing
more advanced diagnostic tools which combine pre-
cision with user-friendly features and minimal inva-
siveness. Liquid biopsy emerges as a promising alter-
native among these because it provides non-invasive
diagnostic capabilities through the analysis of circu-
lating tumor cells (CTCs) and cell-free DNA (cfDNA)
and circulating tumor DNA (ctDNA) and extracellu-
lar vehicles (EVs) and non-coding RNAs including
microRNAs (miRNAs) and other biomarkers found
in bodily fluids (15, 16). The technique provides mul-
tiple clinical benefits because it performs minimally
invasive procedures while being safer and better
suited for repeated testing throughout time which
makes it suitable for monitoring diseases longitu-
dinally (17). The technology enables early detection
of cancer recurrence as well as immediate identifi-
cation of treatment resistance which supports per-
sonalized patients care. It shows increasing accuracy
through molecular analysis advancements which
makes it a promising alternative for conventional
diagnostic procedures (18-21).

Small non-coding RNAs have emerged as promis-
ing biomarkers among the numerous biomarkers.
The miRNAs show particular advantages because
they are highly stable in bodily fluids, easily detect-
able, and often exhibit cancer-specific expression
patterns. These advantages make them ideal can-
didates for non-invasive PCa diagnostics (22). PCa
shows specific miRNA associations with its disease
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behavior. The progression of PCa together with its
tumor aggressiveness is linked to miRNA-141 (23)
and miRNA-21. The metastatic potential of prostate
cancer is associated with miRNA-375 (24). Similarly,
the miRNA-107 shows promise as a non-invasive bio-
marker for PCa diagnosis. The diagnostic potential
of miRNA-107 is supported by its elevated levels in
PCa patient in serum and urine although most stud-
ies present relative expression values instead of
absolute concentrations (25, 26). Its high levels in
castration-resistant prostate cancer (CRPC) and its
association with advanced disease stages make it
a a promising tool for early-stage diagnosis. Recent
studies have demonstrated that circulating miR-107
levels are significantly elevated in patients with CRPC.
For instance, Puente-Rivera et al. (2024) reported
that miR-107 expression in liquid biopsies was signifi-
cantly higher in CRPC patients compared to non-cas-
tration-resistant prostate cancer (NCRPC) patients,
with a p-value <0.005, suggesting its potential as a
non-invasive diagnostic biomarker for identifying
CRPC patients (27). The diagnostic value of miRNA-
107 has been expanded through recent research
which demonstrates its therapeutic potential to
improve PCa treatment results. The radiosensitiv-
ity of PCa cells increases when miRNA-107 targets
granulin (GRN) because this protein promotes tumor
growth and resistance thus improving radiotherapy
outcomes (28).

Similarly, other miRNAs such as miRNA-107 have
also been identified as potential non-invasive bio-
markers. Its high levels in castration-resistant pros-
tate cancer (CRPC) and its association with advanced
disease stages make it a potential biomarker for
early detection and monitoring (27). The diagnos-
tic value of miRNA-107 has been expanded through
recent research which demonstrates its therapeu-
tic potential to improve PCa treatment results. The
radiosensitivity of PCa cells increases when miRNA-
107 targets granulin (GRN) because this protein pro-
motes tumor growth and resistance thus improving
radiotherapy outcomes (28).

The clinical implementation of miRNA-107 shows
great promise to revolutionize PCa management
through its ability to provide non-invasive blood
tests which detect PCa early and predict patient out-
comes and tailor treatment plans. This approach
improves patient outcomes, reduces the need for
invasive biopsies, and provides more targeted and
effective care by monitoring treatment responses
and refining risk assessments. The clinical applica-
tion of mMiRNA-based assays for PCa diagnosis and
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prognosis faces challenges because conventional
analytical platforms have certain limitations. North-
ern blotting techniques have limitations for clinical
use because they lack sensitivity and require exten-
sive time which prevents their use in routine diag-
nostics (29). The short sequences and high sequence
homology of miRNAs make it difficult to design prim-
ers and achieve accurate quantification in real-time
guantitative polymerase chain reaction (RT-gPCR)
(30, 31). Microarrays and next-generation sequenc-
ing (NGS) provide broad profiling capabilities but
demand costly infrastructure and extensive sam-
ple preparation, limiting their use outside special-
ized laboratories (32, 33). The NanoString nCounter
system provides amplification-free quantification
but its high costs and complex normalization proce-
dures limit its use (34). The emerging tool of digital
droplet PCR (ddPCR) provides exact miRNA quanti-
fication but requires trained personnel and sophis-
ticated equipment (35). Loop-mediated isothermal
amplification (LAMP) technique demonstrates poten-
tial for field applications yet requires further opti-
mization to detect miRNAs because of sequence
constraints (36). While these systems offer strong
analytical performance, they often require complex
fabrication and instrumentation. So, the focus has
shifted to diagnostic formats which offer accessi-
bility and speed and require minimal infrastructure
without losing clinical relevance.

The demand has shifted toward decentralized test-
ing through Point-of-Care (POC) innovations which
enhance diagnostic access worldwide. The increas-
ing worldwide demand for POC diagnostics demon-
strates the critical requirement for quick and afford-
able testing solutions particularly in resource-limited
areas. The latest developments in decentralized test-
ing have demonstrated its worthwhile propelling POC
innovations that transform disease diagnosis meth-
ods (37, 38). Building on this progress, the mChip
represents a practical application of POC technology
because it functions as a credit card-sized microflu-
idic device which performs HIV and syphilis detection
from a single drop of blood. The technology proved
its effectiveness by reaching 100% accuracy for HIV
detection and 94% accuracy for syphilis detection
during Rwanda trials while each chip cost approxi-
mately $1which makes itideal for low-resource set-
tings (39-41). Complementing these advancements,
SD Biosensor's dual HIV/syphilis rapid diagnostic test
was developed with support from MedAccess. The
test has been adopted by more than 100 low- and
middle-income countries since 2022. The test uses a

finger-prick sample to deliver results within 20 min-
utes. The test operates at a cost below $1 per unit
which makes it suitable for locations with restricted
laboratory facilities (42). The widely acceptance of
patient-centered care has been further enhanced
by basic diagnostic tools including glucose meters,
pregnancy tests and COVID-19 kits. These tools pro-
vide fast and precise results while enabling testing
at the exact location where it is needed (43). These
technologies enhance this transformation by both
filling critical diagnostic gaps and enabling a decen-
tralized patient-centered care system with better
responsiveness. The broad range of applications
from infectious diseases to cancer demonstrates
how POC tools are increasingly reshaping health-
care delivery systems.

The development of POC devices for miRNA detec-
tion has tumor dynamics. transform cancer manage-
ment in a similar direction. These tools offer timely
and cost effective diagnostic solutions, bridging the
gap between complex traditional methods and the
need for accessible real time testing (44). Extend-
ing this potential further, stability and specificity of
miRNAs make them valuable biomarkers for can-
cers including prostate, breast and lung (45). The
approach can be further developed by integrating
miRNA detection into portable POC platforms that
utilize electrochemical sensors and paper-based
microfluidic systems to enable early diagnosis and
dynamic disease monitoring and tailored therapy
outside traditional laboratory settings. This rep-
resents a vital advancement in precision oncology
that delivers accessible patient-centered care.
Responding to the critical need for rapid and acces-
sible cancer diagnostics, our research group contin-
uously focuses on developing paper-based electro-
chemical platforms with screen-printed electrodes
(SPEs) for cancer detection. The research focuses on
converting precise analytical methods into deploy-
able field formats which will enhance point of care
biosensing capabilities for resource limited and
decentralized clinical settings. Building on this foun-
dation, Cimmino and colleagues developed an elec-
trochemical device for miRNA-224 detection which
serves as a biomarker for lung cancer. The system
used methylene blue (MB) labeled DNA probes with
SPEs on wax patterned paper. The system reached
a detection limit of 0.6 nM in spiked human serum
which demonstrated both high sensitivity and field
deployability (46). Raucci et al. developed a biosen-
sor using paper to detect miRNA-652 which serves
as a biomarker for triple negative breast cancer. The
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device utilized screen printed electrodes that were
modified with gold nanoparticles (AuNPs) on office
paper. The system used wax-assisted chromato-
graphic preconcentration as its analytical method.
The sensor reached a detection limit of 0.4 nM in
human serum while demonstrating good repeat-
ability (47). Martino et al. further showed that nano-
structured gold composites on microfabricated elec-
trodes enable sub-nanomolar detection of cancer-re-
lated miRNAs (48).

The diagnostic application of miRNA detection ben-
efits from AuNPs modified electrodes because they
provide both high sensitivity and adjustable sur-
face chemistry. The research presents a portable
paper-integrated biosensor, which detects miRNA-
107 specifically because this biomarker appears in
different cancer types. The sensor combines AuUNPs
synthesized in-house with SPEs made from standard
office paper to create a cost-effective and scalable
detection system. The working electrode contains
thiolated DNA capture probes which are labeled
with MB. The immobilized DNA probe recognizes
its target miRNA 107 sequence through hybridiza-
tion. The molecular interaction between the target
and the probe changes the electrochemical proper-

Binding to
AuNPs
via Au-S bond

ties of the redox label which allows square wave vol-
tammetry (SWV) to obtain electrochemical readout.
The platform demonstrates excellent potential for
POC applications because it provides high sensitivity
and electrochemical readout functionality. Further,
it also offers a simple and reliable operation which
makes it ideal for decentralized cancer diagnostics
particularly in resource limited settings. Our method
unites proven sensitivity with home-based manufac-
turing and inexpensive materials to enhance both
accessibility and scalability for clinical and point-of-
care applications. The step-by-step fabrication and
operation of the paper-based electrochemical biosen-
sor for miRNA-107 detection is illustrated in Scheme
1following the detailed description of the platform.

EXPERIMENTAL SECTION

Materials and apparatus

The target sequence for hsa-miR-107 (5'-AGCAG-
CAUUGUACAGGGCUAUCA-3') and its complemen-
tary thiolated DNA probe (5'-TGATAGCCCTGTACAAT-
GCTGCT-3'") were obtained from Metabion GmbH

Target miRNA

Scheme 1. The paper-based electrochemical sensor fabrication and working steps for miRNA-107 detection: (1) electrode surface modification
using AuNPs; (2) immobilization of a thiolated MB-labeled DNA probe; (3) detection of target miRNA-107 by SWV by signal-off mechanism;

and (4) application in serum.
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(Steinkirchen, Germany). Phosphate-buffered saline
(PBS) tablets (containing 140 mM NacCl, 10 mM phos-
phate buffer, and 3 mM KCl), tris(2-carboxyethyl)phos-
phine (TCEP), MCH, chloroauric acid (HAuCl,), sodium
citrate, and sodium borohydride were procured from
Sigma-Aldrich (St. Louis, MO, USA). All reagents used
were of analytical grade. The fabrication of sensors
required AuNPs which were synthesized in our labo-
ratory through a standard method that we use regu-
larly and stored at 4 °C. These AuNPs have been rou-
tinely used in our lab across similar biosensor plat-
forms. The synthesized batch was characterized by
dynamic light scattering (DLS) and scanning electron
microscopy (SEM), confirming a monodisperse dis-
tribution with an average diameter of 196.2 + 20.65
nm and a polydispersity index (PDI) of 0.13 + 0.07,
consistent with previous reports (49). The nanopar-
ticles served as a modification for working electrode
surfaces to improve their performance.

All electrochemical measurements were conducted
using a PalmSens 4 portable potentiostat (PalmS-
ens, Netherlands) connected to a multi-12 chan-
nel reader and operated via PSTrace 5.10 software,
ensuring precise control and reproducibility across
all experiments.

Fabrication of Paper-Based SPEs: Custom-de-
signed paper-based SPEs were fabricated in-house
on Fabriano office paper (80 g/m?) using standard
screen-printing techniques. A hydrophobic layout
was printed with a Xerox ColorQube 8580 and ther-
mally treated at 100°C for 1 minute to form fluidic bar-
riers. Athree-electrode configuration was achieved
by first printing silver ink (Loctite, Italy) for the refer-
ence, followed by graphite ink (Sun Chemical, USA)
for the working (4 mm diameter) and counter elec-
trodes. Each layer was kept at 60°C for 30 minutes.
The resulting electrochemical strips measured 2.5
cm x 1. cm, offering a simple, scalable platform for
biosensor integration (50).

Optimization of experimental parameters

All the experimental parameters were optimized
for the development of highly effective and reliable
electrochemical biosensor for detecting miRNA-107.
For this, one of the first parameters were amount
of AuNPs on the surface of the working electrode,
the concentration of the anti-miRNA-107 DNA probe
and the frequency of SWV.

Optimization of AUNP volume

Various volumes (2, 4, 8, and 10 pL) of AUNPs were
tested to identify the optimal volume for the detec-

tion of the electrochemical signal on the electrode
surface. This conductive nanostructured layer was
formed by depositing AuUNPs through drop casting
onto the working electrode area of paper-based
SPEs, allowing for electron transfer and acting as a
high-density binding surface for the immobilization
of thiol-functionalized DNA probes.

Concentration of DNA probe

In order to obtain a high-efficiency hybridization
interface for miRNA-107 detection, we optimized
the concentration of DNA probe. Several probe con-
centrations (50-200 nM) were tested to obtain the
optimal probe density that exhibited maximum sig-
nal change.

Optimization of SWV frequency

To determine the optimum condition with the max-
imum signal intensity as well as a well-defined vol-
tammetric peaks, frequencies ranged from 10 to
100 Hz were optimized. The selection of optimum
frequency is a key factor for improving the signal-
to-noise ratio and facilitating the electrochemical
responses which would generate accurate and repro-
ducible results during target capture.

Electrochemical detection of miRNA-107

Based on the optimized experimental parame-
ters, we carried out the electrochemical detection
of MiRNA-107 using paper-based SPEs. The work-
ing electrode area was modified by drop-casting
AuNPs to enhance surface conductivity and probe
immobilization. Following AuNP deposition, 20 pL
of MB-labeled DNA probe was drop-cast onto the
electrode. The modified electrodes were incubated
in @ humidity chamber for 1 hour to allow probe
immobilization via Au-S bonding. After incubation,
the electrodes were rinsed with DI water to remove
unbound probe. Next, 20 uL of MCH was applied to
the electrode surface. MCH acts as a blocking agent
to minimize non-specific adsorption and improve
probe orientation. The electrodes were again placed
in the humidity chamber for 1 hour and 30 minutes.
After incubation, the surface was washed thor-
oughly with DI water. For electrochemical analy-
sis, the modified electrodes were connected to a
PalmSens 4 portable potentiostat. Each SPE was
exposed to 70 pL of blank PBS, pH 7.4 and allowed
to stabilize for 30 minutes to establish a consistent
electrochemical baseline. The detection mechanism
relies on a “signal-off” electrochemical response.
To quantify the analytical response, the percent-
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age (%) signal change was calculated using the fol-
lowing equation (1):
Signal change (%) =100 x(lol;lt) M
0
Where [, : initial current, and /;: current recorded
after the addition of miRNA-107.

RESULTS AND DISCUSSION

Optimization of experimental parameters

We optimized the experimental biosensor param-
eters like volume of AuNPs deposited on the elec-
trode surface, the concentration of the MB-labeled
DNA probe, and the frequency applied during SWV.
The results of this optimization are presented in
Figure 1.

Effect of AUNPs volume on signal response

As shown in Figure 1A, different volumes of AUNPs
(2,4, 8,and 10 pL) were optimized. The highest signal
change was observed with 2 pL of AUNPs, suggesting
that a low-volume deposition provides a uniform,
conductive surface without excessive nanoparticle
aggregation. Larger volumes resulted in a gradual
decrease in signal response, likely due to the forma-
tion of a dense nanoparticle layer that could hinder
probe immobilization, increase surface roughness,
or impair electron transfer. Thus, 2 pL was selected
as the optimal volume, balancing conductivity, probe
accessibility, and hybridization efficiency.

AuUNPs

o
L

)

=)

=
2

Signal Change / %
Signal Change / %
(=]

<

Probe density

Optimization of DNA probe concentration

To determine the optimal probe density on the elec-
trode surface, anti-miRNA-107 DNA probes were
immobilized at different concentrations (50, 100, 150,
and 200 nM). As depicted in Figure 1B, the signal
change increased with probe concentration up to
100 nM, beyond which the response declined. This
behavior is attributed to the balance between suf-
ficient surface coverage for target recognition and
excessive probe crowding, which can induce steric
hindrance and reduce hybridization efficiency. Addi-
tionally, higher probe densities can affect the ori-
entation and electron transfer of the MB redox tag.
Therefore, 100 nM was selected as the optimal probe
concentration, offering maximum signal change
with efficient target recognition and redox activity.

Influence of SWV frequency on detection
sensitivity

The SWV frequency is a critical factor affecting both
the resolution and sensitivity of redox-based detec-
tion. Frequencies ranging from 10 to 100 Hz were
evaluated (Figure 1C), with the maximum signal
change observed at 50 Hz. At lower frequencies, the
system may not efficiently capture the rapid redox
events of the MB label, leading to underdeveloped
signals. Conversely, higher frequencies may compro-
mise the sensitivity by limiting the time available for
redox cycling, thus reducing the current response.
Based on this, 50 Hz was determined to be the opti-
mal setting, offering a high signal-to-noise ratio and
well-resolved voltammetric peaks.

SWV-frequency

)
2

Signal Change / %
o

4 8 10
Volume / pL

50 100 150 200
[Anti-miRNA-107] / nM

0 20 50 100
Frequency / Hz

Figure 1. Optimization of experimental parameters for miRNA-107 detection.

(A) Effect of AuNPs volume (2-10 L) on signal change. Experimental conditions: probe concentration = 100 nM; frequency = 50 Hz; Estart =0
V, Eend =-0.6 V, Estep = 0.001V, amplitude = 0.01V, equilibrium time = 5 s; (B) Optimization of anti-miRNA-107 probe concentration (50-200
nM). Experimental conditions: AuNPs volume = 2 ul; frequency = 50 Hz; Estart = 0 V, Eend = -0.6 V, Estep = 0.001 V, amplitude = 0.01V,
equilibrium time = 5 s; (C) Optimization of SWV frequency (10-00 Hz). Experimental conditions: AuNPs volume = 2 uL; probe concentration
=100 nM; Estart =0V, Eend = -0.6 V, Estep = 0.001V, amplitude = 0.01V, equilibrium time = 5 s. All experiments were conducted in triplicate
using 40 nM of miRNA-107 in PBS (pH 7.4), and results are reported as mean + SD (n = 3).
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Analytical characterization of miRNA-107
detection in PBS and serum

The electrochemical biosensor developed for miRNA-
107 detection demonstrated excellent analytical per-
formance across a broad dynamic range in both
PBS and serum. As shown in the calibration plots
(Figure 2), the sensor response increased in a sig-
moidal fashion with rising miRNA-107 concentra-
tions, reflecting a characteristic binding curve indic-
ative of efficient and specific hybridization between
the surface-bound probe and the target sequence.
Following the optimization of experimental param-
eters, the analytical performance of the developed
electrochemical biosensor was systematically evalu-
ated across a wide dynamic range of miRNA-107 con-
centrations upto 400 nM in both PBS and serum. As
shown in Figure 2, the biosensor exhibited a charac-
teristic sigmoidal response curve in both matrices,
indicating a concentration-dependent decrease in
current signal consistent with target-probe hybrid-
ization. The calibration data were well-fitted using
a four-parameter Hill equation, demonstrating the
cooperative nature of binding and supporting its use
for quantitative analysis by equation (2).
a-xb

fX)=Yo +W (2)
A limit of detection (LOD) of 1.8 nM was achieved,
with a strong correlation (R? = 0.9909), confirming
the reliability and linearity of the electrochemical
response within the tested range. Notably, the bio-
sensor retained robust performance in serum with
LOD of 1.0 nM with an R? of 0.9860 and reproduc-
ibility in physiologically relevant conditions.

Buffer Solution A
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The ability of the biosensor to achieve lower detec-
tion limits for miRNA-107 in both buffer and serum
matrices represents a substantial advancement in
the field of electrochemical diagnostics. This level
of sensitivity aligns with the clinical concentration
range of circulating miRNAs, affirming the platform’s
suitability for early-stage disease detection. The sen-
sor shows its robustness, selectivity, and practical
translatability in serum. Importantly, this work val-
idates a minimally invasive, cost-effective, and por-
table diagnostic approach that holds strong poten-
tial for deployment in POC cancer screening and
longitudinal therapeutic monitoring, particularly
in settings where centralized laboratory infrastruc-
ture is limited.

Selectivity study

To evaluate the specificity of the developed biosen-
sor, its electrochemical response was measured
against miRNA-107 and three non-target miRNAs
(MiRNA-4676, miRNA-218, and miRNA-21), all at the
same concentration (40 nM) as shown in Figure 3.
As shown in Figure 3A, in buffer conditions, miRNA-
107 produced a distinct and pronounced signal
suppression (~23%), reflecting efficient hybridiza-
tion with the complementary probe. In contrast,
the non-target sequences generated minimal sig-
nal changes (<8%), indicating negligible non-specific
binding or cross-reactivity. This selectivity profile
was retained in serum (Figure 3B), where miRNA-
107 still yielded a strong response (~24%), while the
off-target miRNAs resulted in significantly lower sig-
nal shifts. Despite the increased complexity of the
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Figure 2. Analytical characterization of the miRNA-107 biosensor in (A) buffer; (B) serum. Signal change (%) was measured in a concentration
upto 400 nM. The data were fitted using a four-parameter Hill equation and sigmoid behavior was observed. Experimental conditions:
AuNPs volume = 2 uL; probe concentration= 100 nM; Estart = 0 V, Eend = -0.6 V, Estep = 0.001 V, amplitude = 0.01V, equilibrium time = 5
s, SWV frequency= 50 Hz. All the experiments were conducted in triplicate and results are expressed as mean + standard deviation (n = 3).
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Figure 3. Selectivity study of the miRNA-107 biosensor in (A) buffer solution; (B) serum using non-target miRNAs (miRNA-4676, miRNA-218,
and miRNA-21) at 40 nM concentration. Experimental conditions: AuNPs volume = 2 uiL; probe concentration= 100 nM; Estart = 0 V, Eend
=-0.6 V, Estep = 0.001V, amplitude = 0.01V, equilibrium time = 5 s, SWV frequency= 50 Hz. All the experiments were conducted in triplicate

and results are expressed as mean + standard deviation (n = 3).

serum matrix-which contains a wide array of elec-
troactive species, proteins, and nucleases-the sen-
sor maintained high target discrimination. The per-
formance in serum validates the robustness of the
probe design, surface chemistry, and blocking strat-
egy used during sensor fabrication.

This signifies the ability of the biosensor to differ-
entiate miRNA-107 from closely related sequences
underscores the reliability of the probe design and
its potential clinical utility. From a translational per-
spective, such high selectivity ensures diagnostic
accuracy by minimizing false positives-an essential
requirement for any biosensor intended for use
in early cancer screening, treatment monitoring,
or recurrence prediction. The fact that this level of
performance is maintained in complex biological
matrices like serum further reinforces the sensor’s
suitability for POC and real-world clinical applica-
tions, especially in minimally invasive blood-based
diagnostics.

CONCLUSIONS

The research introduces a major advancement in
liquid biopsy diagnostics. The diagnostic system
consists of a portable electrochemical biosensor.
The sensor identifies miRNA 107 which serves as a
crucial biomarker for prostate cancer progression
and aggressiveness. The biosensor utilized AuNPs
modified SPEs. These electrodes were immobilized
with an MB labeled DNA probe. The SWV technique
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served as the detection method. The detection sys-
tem operated through a signal off mechanism. The
design shows both sensitivity and selectivity. It is
also easy to use. These features make it appropri-
ate for clinical use and POC applications.

Critical parameters like AuNPs volume, probe con-
centration, and SWV frequency were systematically
optimized to maximize hybridization efficiency and
signal resolution. The biosensor exhibited a sigmoidal
response curve, achieving detection limit of 1.8 nM
in PBS and 1.0 nM in serum. The probe also showed
high specificity for miRNA-107, even in complex bio-
logical samples, confirming its accuracy.

The biosensor provides practical advantages
together with its analytical merits which make it
suitable for POC deployment. It works at low-cost
while being simple to operate and its production
materials can be scaled up for large-scale manu-
facturing.

Further, the research will evaluate both the shelf-
life duration and its resistance to environmental fac-
tors to enable wider field applications. The future
development of this technology requires multi-
plexed detection capabilities and clinical specimen
validation to achieve routine use in cancer screen-
ing and monitoring. Testing with real patient sam-
ples will confirm its performance. This study offers
a simple, non-invasive tool for cancer diagnosis. The
research demonstrates how this accessible non-in-
vasive platform can help with early diagnosis and
personalized care in both centralized and resource
limited healthcare settings.
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