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Here we described an aptasensor based on graphene oxide (GO) decorated with gold nanoparticles (AuNPs) able to detect the
AR released by prostate cells, in order to provide new insights about the relationship between AR and prostate cancer for a more
precise diagnosis for cancer. Characterization of the surfacemodifiedGEwas carried out by cyclic voltammetry and electrochemical
impedance spectroscopy using ferrocene as a redox probe. Under the optimized experimental conditions, a detection limit of 0.5
ng/mL (3𝜎/slope) was obtained by the present electrochemical biosensor, along with a linear range of 0-110 ng/mL. By virtue of
excellent sensitivity, specificity, and repeatability, the present electrochemical biosensor provides a potential application in clinical
diagnosis.

1. Introduction

The prostate cancer (PCa) is a worldwide health issue, being
the most common cancer among men with approximately
15% of the global male population diagnosed with PCa at
some point in their lifetime [1]. In addition, the mortality
keeps increasing year by year due to the lack of an accurate
early diagnostic procedure [2]; the gold standard technique
relies only on invasive techniques such as the transrectal
ultrasonography and tissue biopsy [3, 4]. The only biomarker
used for screening exams is the prostate-specific antigen
(PSA) [5]; however, PSA itself cannot provide reliable diag-
nosis for cancer detection and overexpression of it can be
related to other prostate diseases rather than cancer [6, 7].
In this way, there are several reports in literature to find
other suitable biomarkers for PCa detection and monitoring,
such as vascular endothelial growth factor (VEGF) and
polymorphic epithelial mucin type 1 (MUC1) [8, 9].

Recently, studies have started to be focused on the
prostatic epithelial androgen receptor (AR) in order to better
understand the PCa biochemical dynamics pathways [10–12];
the AR is amember of the nuclear steroid receptor family and

its function is to regulate normal prostate growth by regula-
tion factors thatmediate the androgen action on prostate cells
and is usually related to cellular proliferation [13]. However,
in PCa, the AR is often related to increased capillary density
within the tumor and it is also correlated with greater degree
of tumor differentiation, promoting cancer progression as a
proliferator factor or by stimulation of cancer progression
[14, 15], being therefore an important biomarker for PCa
therapeutic [16]. A series of new approaches, including poly-
merase chain reaction [17], bioluminescent [18], and capillary
electrophoresis [19], have been developed for AR analysis.
While these methods are powerful methodologies, they are
not suitable to the in situ AR analysis of living cells due to
their destructive procedures involving chemical labels and are
time-consuming with complicated sample preparation and
sophisticated instrumentation [20].

The discovery of graphene opened a new path to the
development of novel sensing platforms [21], making it one
of themost widely usedmaterials for biosensors applications.
The graphene oxide (GO) is a two-dimensional material
with carbon atoms ordered in a honeycomb structure with
unique structural, optical, thermal, and electronic properties
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such as the quantum Hall effect, optical transmittance and
fluorescence quenching ability, and high electron mobility
[22, 23]. In addition, GO has high thermal conductivity;
due to such features, the graphene nanocomposite is novel
and powerful platform for sensors, super capacitors, and
electrocatalysis application; moreover, it can be applied in
order to develop transparent conductive films and electronic
devices [24–26].

The combination of GO with metallic nanoparticles pro-
vides novel nanocomposites for a broad range of applications;
for example, in the biosensing field such nanocomposites
can overcome the actual limitations of sensing platforms
by providing higher effective surface area, excellent catalytic
properties, higher specificity, and lower limit of detection at
nanoscale [27, 28]. In this way, the combination of graphene
with metallic nanoparticles has already been exploited for
developing an optical electrochemical biosensor for detection
of several environmental pollutants [29, 30] and for cancer
biomarkers [31, 32]. These metallic nanoparticles include
palladium [33], antimony [34], silver [35], and gold [36],
due to their enhanced characteristics [37]. In this way, the
gold nanoparticles (AuNPs) are a powerful candidate to be
conjugated with graphene, because it is a noble product with
unique characteristics of biocompatibility, low toxicity, elec-
trical features, and catalytic and surface-enhanced Raman
properties; moreover, the AuNPs can be easily modified
with biological samples (for example, nucleic acids (DNA or
RNA), proteins, enzymes, and antibodies) making them a
robust platform to be used for immunoassays, thermother-
apy, hormones, pesticides, proteins, and virus and bacteria
detection [38–40].

Hence, there is an increasing attention toDNAbiosensors
as a tool for cancer diagnosis and monitoring [41]. The
use of aptamer-based sensors using gold electrodes in order
to detect cancer biomarkers is well exploited in literature
for a range of applications, such as early cancer detection,
cancer monitoring, and drug delivery systems [8, 9, 42].
The combination of aptamer, rGO, and AuNPs is novel
tendency for developing more powerful platforms, where the
DNA immobilization can be enhanced by AuNPs offering
higher surface area at nanoscale which increases the sensor
sensitivity and also improves the electronic properties of
the biosensor [21]. To better understand the AR protein
patterns as marker for cancer monitoring, we described a
novel graphene oxide decorated with AuNPs electrochemical
aptamer-based biosensor able to detect the AR released
by prostate cells in order to provide new insights about
the relationship between AR and PCa for a more precise
diagnosis and cancer. The biosensor was based on the self-
assembly of thiolated aptamers tagged with methylene blue
(MB) as redox label on AuNPs attached to reduced graphene
oxide. When the AR binds to the aptamer, the DNA hairpin
changes its configuration, leading to a reduction of the
electron transfer.

2. Materials and Methods

2.1. Materials and Reagents. Glassy carbon electrode
(GC), phosphate-buffered saline (PBS), gold (III) chloride

trihydrate (HAuCl4) 99.99%, 6-mercapto-1-hexanol (MCH),
ferrocene (Fc), mucin 1 (MUC1), sodium dodecyl sulphate
(SDS), sodium borohydride, bovine serum albumin (BSA),
graphene oxide (GO), androgen receptor human (AR), and
prostate-specific antigen (PSA) from human semen were
purchased from Sigma-Aldrich (St. Louis, MO).

Trypsin-EDTA, cell culture medium RPMI 1640 (1×,
with L-glutamine; VWR), fetal bovine serum (FBS), L-
glutamine, and penicillin/streptomycin were purchased from
Gibco� (Waltham, MA). Androgen receptor (AR) aptamer
sequence was selected by previous reports in literature and
the mechanism for changing the electrochemical signal is
based on structure-switching [43] and it was provided by
Biosearch Technologies (Novato, CA) and used as follows:

AR: 5-SH/-5-ACG-CTC-GGA-TGC-CAC-TAC-AGG-
TTG-GGG-TCG-GGC-ATG-CGT-CCGG-3-/MB.

2.2. Synthesis of rGO-AuNPs Composite. The rGO-AuNPs
composite was synthesized accordingly to Donini et al. [23],
with minor modifications. Briefly, a ratio by weight of 10:4
GO/SDS was dissolved in 3 mL of ethanol and the solution
was sonicated for 20 min. Afterward, 2.6 mg of sodium
borohydride was added and the solution was sonicated for
20 min; finally, a 1 mL solution containing 1 mg of HAuCl4
was slowly added under constant stirring to the rGO solution;
the remaining sodium borohydride acted as reducing agent
for HAuCl4; and after complete reduction of gold, the rGO-
AuNPs solutionwas dispersed by ultrasonic probe for 1 h.The
rGO-AuNPs obtained were centrifuged for 15 min at 10000
rpm and washed several times with ethanol. After that, 3
mL of ethanol was added to the remaining composite and
it was dried at 60∘C. The chemical synthesis of rGO was
also performed, but without adding HAuCl4, to evaluate the
effects of AuNPs over rGO structure.

2.3. Development of the Aptamer-Based Sensors. AR aptamer
was synthesized by Biosearch Technologies with a C6 disul-
fide linker at 5-end with the intention to bind it to AuNPs at
3-end; theMBwas coupled to it in order to act as redox probe
for electrochemical analysis. The AR aptamer stock solution
was diluted in 50 mM using 10 mM of PBS buffer (pH 7.4),
according to the manufacturer’s protocol.

Prior to the rGO-AuNPs modification, the GC electrode
was polished with 0.3 𝜇m alumina slurries, rinsed with
ultrapure distilled water, and sonicated for 30 min in ethanol,
followed by electrochemical cleaning by 25 cycles 50 mV/s
of cyclic voltammetry in 1m of H2SO4 in potential ranging
from -1.0 to 1.0 V. Afterward, a solution containing 0.2 mg
of rGO-AuNPs composite and 1 mL of water was dispersed
using ultrasonic for 30 min and 10 𝜇L of this solution was
added onto the surface of GC electrode and dried at 60∘C; in
order to compare the effects of adding AuNPs, the GC-rGO
electrode was prepared as described above, but using 0.2 mg
of rGO and 1 mL of water.

Aptamer immobilization was prepared by incubation of 1
𝜇Mof it on the surface of GC-rGO-AuNPs electrode for 18 h,
in the dark, at 4∘C (Figure 1). Afterward, the electrodes were
immersed in 3 mM of MCH aqueous solution for 30 min to
remove nonspecifically adsorbedmolecules and passivate the
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Figure 1: Scheme of the GC-rGO-AuNPs aptamer-based biosensor.

electrode surface through the backfilling method; for every
step the electrodes were washed with PBS to remove the
excess of reagents.

2.4. Prostate Cell Culture. Human prostate normal cells
(PNT2; ECACC-95012613) and androgen-sensitive human
prostate cancer cells (LNCaP; ATCC� CRL-1740�) were
cultivated and used in the sameway as previously reported by
our group [43]. These two lineages were chosen to improve
AR comparisons between cancer cells and normal prostate
cells. Briefly, the cells were cultivated in 75 cm2 flasks contain-
ing RPMI media, supplemented with FBS, L-glutamine, and
penicillin/streptomycin. Cells were cultivated until 90% of
confluence, after they were trypsinized using trypsin-EDTA.
Cell viability was assessed through the Neubauer chamber
count technique and approximately 105 cells were used in all
experiments.

2.5. Electrochemical Characterization of the Aptamer-Based
Sensors. Aptamer-based electrochemical sensors were char-
acterized by scanning electron microscopy (SEM) using a
Quanta 200 (FEI Company) coupled to an energy-dispersive
X-ray spectroscopy analyzer (EDS) to analyze the dispersion
of rGO-AuNPs layer on the surface of GC electrode. Electro-
chemical characterization was done in a 𝜇Autolab III/FRA2
(Metrohm, NL) potentiostat, using a three-electrode system,
which consisted of Ag/AgCl (3 M KCl), as reference elec-
trode; Pt wire, as auxiliary electrode; and GC, as working
electrode. Characterization experiments were performed by
cyclic voltammetry (CV) and electrochemical impedance
spectroscopy (EIS). CV characterization of biosensor was
done in a set of experiments; first aCVofGC-AuNPs andGC-
rGO-AuNPs was done to verify signal gain from the addition
of graphene to the sensing platform; after that a CV scan was
performedusingGC-rGO-AuNPs from0.7 to -0.2V at several
scan rates (20, 30, 50, 60, 90, 100, 150, 200, and 250mV/s); EIS
experiments were done to evaluate charge transfer resistance
in each step of biosensor fabrication with a frequency range
of 0.001 Hz to 10000 kHz in a 10 mM PBS solution (pH 7.2);
and all experiments were done in triplicate.

2.6. AR Electrochemical Characterization, Calibration Curve,
and Detection from Prostate Cells. Electrochemical cells con-
sisted of suitable glass vessels of 2 mL where all electrodes

could be easily submerged in the solution. The biosensor’s
operating strategy relies on the unfolding of hairpin structure
of the aptamer upon binding the specific target; in this
case the AR protein, the complex aptamer-protein binding,
drastically changes the DNA conformation leading to a
decrease in the efficiency of electron transfer from MB to
working electrode surface reducing the peak. In order to
evaluate the signal difference, the square wave voltammetry
(SWV) was the technique utilized, at 40 mV amplitude and
60Hz frequency ranging from 0.0 to -0.5 V; and due to its fast
analysis, it was able to get measurements in a very short time
difference (∼1 min). Aptamer-based sensor was allowed to
equilibrate through stable faradaic current, in order to enable
AR characterization and detection.

The AR aptamer calibration curve was done by adding
the recombinant target protein at known concentrations into
the electrochemical cells after the stabilization of background
current. The sensor was allowed to react with analyte for 20
min, before each measurement; signal loss was checked by
SWV and converted into percentage of signal suppression
(SS). All measurements were carried out in triplicate and
the limit of detection (LOD) was calculated through linear
regression by using the standard deviation of the y-intercept
(LOD = 3𝜎/Slope). Moreover, in order to evaluate the
biosensor specificity, analysis of interfering compounds was
performed by SWV at 40mV amplitude signal and frequency
60 Hz at the range -0.50 to 0.7 V versus Ag/AgCl reference;
the interfering compounds chosen were 50 ng/mL of MUC1,
50 mg/mL of PSA, and 50 ng/mL of BSA. MUC1 and PSA
were selected because they are also released by PCa cells and
BSA due to its presence on cell culture media.

Finally, after the characterization and calibration, the
aptamers-based sensor was applied to detect AR releasing
patterns from different human prostate cells lineages (normal
cell and cancer cell); electrochemical detection followed the
same procedures described above, with minor modifications.
Therefore, the electrochemical cells containing the oligo
structures were kept under 5% CO2, 95% air humidity
atmosphere, at 37∘C.The SWVat 40mV amplitude signal and
frequency 60 Hz at the range -0.50 to 0.7 V versus Ag/AgCl
reference measurements were taken every 20 min, for 3 h,
after cell incubation.
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3. Results and Discussion

Thebiosensor consisted of reduced graphene oxide decorated
with gold nanoparticles combined with aptamer tagged with
methylene blue. The idea of using graphene combined with
AuNPs relies on their properties, whereupon nanoparticles
with size ranging from 1 to 100 nm can be used for cancer
diagnosis and therapy at early stages; moreover the unique
mechanical, electrical, and optical features demonstrate
enhanced potential in developing novel platforms to detect
cancer biomarkers [44]. In addition to rGO-AuNPs, the
methylene blue is a redox molecule widely used in aptamer-
based biosensors because it can be easily conjugated with
DNA molecules [5, 6].

In order to characterize the electrochemical behavior of
the biosensor, a CV was done to ensure whether the addition
of graphene to AuNPs modified GC electrode could enhance
the signal of the sensor. Figure 2(a) shows a 2-fold increasing
in signal from electrode modified with graphene and AuNPs,
ensuring the possibility of miniaturization and detection of
AR in complex media due to graphene properties [21, 23].
Following electrochemical characterization of the biosensor,
GC-rGO-AuNPs electrode was used for a set of experiments
using CV in 10 mM PBS with 0.5 mM of Fc at scan rates
ranging from 20 to 250 mV/s. The results demonstrated a
gradual increase of the redox peak current to around 350
and 200 mV for cathodic and anodic peaks, respectively
(Figure 2(b)), indicating the feasibility of the sensor to be used
as working electrode. In addition, the correlation of redox
peak currents with the scan rate is shown in Figure 2(c);
redox peak currents were proportional to the square root of
the scan rate (𝜐1/2), indicating a diffusion-controlled process.
The reaction mechanism of the biosensor was analyzed by
plotting peak potential versus scan rate, and the peak-to-
peak separation (ΔEp) remained nearly constant up to 60
mV, which suggests the electrochemical process is reversible
and confined by the surface of theGC-rGO-AuNPs electrodes
(Figure 2(d)).

In addition to cyclic voltammetry characterization, elec-
trochemical impedance spectroscopy (EIS) experiments were
performed to evaluate the resistance of charge transfer in
each step of the sensor assembly. Figure 2(d) shows a typical
Nyquist plot of impedance recorded in a frequency range
of 0.001 Hz−10000.0 Hz in 10 mM PBS (pH 7.2) containing
0.5 mM Fc. The semicircle diameter represents the electron-
transfer kinetics which can be converted into the charge
transfer resistance (𝑅ct) at the electrode surface. Figure 2(e)
shows the EIS spectra on a step-by-step modification of the
GC electrode with graphene coating; the electron-transfer
resistance (𝑅ct, semicircle diameter) was 11 KΩ for bare GC
electrode (green triangles). After addition of AuNPs, the
resistance increased to 30 kΩ (red circles), demonstrating an
enhanced resistance of electron transfer due to the rGO layer
formed on top of theGC electrode; however, the combination
of rGO with of AuNPs decreased the resistance down to 16
KΩ (black squares). This can be explained by the addition of
graphene to the AuNPs, which improved the electrocatalytic
current density of the nanocomposites by the high surface
area, and rapid electron transport capability leads to the

higher current value in comparison with unmodified elec-
trode [45]. The next step was the addition of aptamer on the
rGO-AuNPs by chemistry conjugation using the gold-thiol
bonds and theMCH to passivate layer, which is a well-known
modification for electrochemical aptamer-based biosensors
[8, 9]. Suchmodifications on the nanocomposite layer slightly
increased the resistance up to 26 kΩ (blue triangles).The final
step was the addition of the target protein (pink diamonds),
which increased the resistance to 37 kΩ, demonstrating in
this way the binding affinity of the sensor to AR due to the
attachment of protein molecules on the surface of the GC-
rGO-AuNPs sensor, leading to an enhanced resistance on the
electro transfer.

The electrochemical behavior of rGO-AuNPs aptamer
was assessed by SWV by using MB as redox probe. The
MB redox tag is widely used for the development of
electrochemical-based aptamers [46, 47] and the stability
of this novel nanocomposite was assessed through SWV
(Figure 3(a)) in a buffer for 2 hours in 10 mM PBS (pH
= 7.2). The sensor was highly stable with a signal loss
of 13% at the end of the experiment (Figure 3(b)); such
background signal is in accordance with similar results for
a whole range of electrochemical aptamer-based biosensors,
which used bare gold electrode as substrate for aptamers
attachment, demonstrating the possibility of using graphene
oxide decorated with AuNPs in order to provide new and
more robust nanomaterials on biosensing field [8, 9, 47].
Moreover, the SEM image used in order to characterize
the electrode’s surface demonstrates a well formed layer
with clusters of AuNPs, and the EDS scan corroborates the
presence of carbon and gold in the electromagnetic emission
spectrum (Figure 3(c)).

The calibration curve for GC-rGO-AuNPs-aptamer sen-
sor was performed after all the characterization and opti-
mization procedures. Detection limit and the linear detection
range of ARwere calculated by adding known concentrations
of AR recombinant protein to the electrochemical cells (from
2ng/mL to 110 ng/mL). Figure 4(a) depicts the SWVof theAR
calibration curve and Figure 4(b) presents the signal decrease
caused by the binding of target protein to the aptasensor.The
signal suppression was calculated as ΔI= Ipb – Ipa, wherein
ΔI is the change in current, Ipb is the peak current before
protein incubation, and Ipa is the peak current after protein
incubation and it was converted into percentage of signal loss.
AR signal suppression (SS) (Figure 4(b)) increased linearly
with the increasing of AR concentration (SS = 9.23 x - 7.535
(R2 = 0.99)). Detection limit found was calculated around
0.5 ng/mL with a linear range from 0 to 110 ng/mL; such
range for detection is lined up with AR concentrations on
human prostate tissue demonstrating the possibility of using
the rGO-AuNPs-aptamer sensor in order to detect AR on
biological samples [48].

The specificity of the rGO-AuNPs sensor to AR was
evaluated by using commonmolecules found in body physio-
logical conditions, such as PSA andMUC1.The BSA was also
evaluated due to its presence in cell culture media, in order
to mimic the cellular microenvironment [49]. Figure 4(c)
demonstrates the similarity of SS for BSA, PSA, and MUC1
signal suppression and it can be comparable with background
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Figure 2: (a) Cyclic voltammograms of GC electrode with AuNPs (black line) and AuNPs conjugated with graphene (red line) in 0.1 M
PBS buffer (ph 7.4). (b) Cyclic voltammograms of GC-rGO-AuNPs electrode at different scan rates (A–I: 20, 30, 50, 60, 90, 100, 150, 200,
and 250 mV/s) in 0.1 M PBS buffer (pH 7.4). (c) Plot of redox peaks current versus square root of scan rate, cathodic peak (black square),
and anodic peak (red square). (d) Peak-to-peak separation as a function of the potential scan rate. (e) Impedance spectroscopy GC-rGO-
AuNPs electrodes. Nyquist plots for PEG-Au electrodes containing bare GC electrode (black square), GC-rGO (red circle), GC-rGO-AuNPs
(green triangle), MCH backfilling (blue triangle), and GC-rGO-AuNPs (pink diamond) in the presence of 50 ng/mL of recombinant protein.
Frequency intervals were from 0.001 Hz to 10000.0 Hz.
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Figure 3: AR aptasensor stability. (a) SWV of AR aptasensor stabilization over time (A-G: 0, 20, 40, 60, 80, 100, and 120) at potential range
from 0.0 to -0.5 V, at 40 mV amplitude, and frequency 60 Hz in 10 mM PBS (pH 7.4). (b) Signal suppression rate for background signal loss
percentage of the SWV peak current as the function of time. (c) X-ray spectroscopy analysis (EDS) and scanning electron microscopy (SEM)
of the rGO-AuNPs nanocomposite.

signal performed during biosensor optimization experiments
(around 13%). This similarity between probable interfering
compounds and background signal corroborates the selectiv-
ity and specificity of our platform in order to detect AR from
biological samples and under a whole range of interfering
compounds.

The literature states that the action of androgens is
crucial for development of benign prostatic hyperplasia and
prostate cancer; such behavior is mediated by the AR, which
increases cellular proliferation when activated, and its role
in prostate cancer cell is to promote the cancer progression
[50]. In addition, the half-life of AR is sensitive to cellular
microenvironment ranging from 3 hours to 10 hours in
absence or presence of androgens [51]

Specifically for LNCaP cells lineage, the AR has an
unusual high affinity for several steroids, even progesto-
gens, which may explain the exacerbated proliferation of
this cell type [52]. Given the importance of well-defined

cancer monitoring tools, it is important to understand the
correlation between the AR by different cell types and cancer
aggressiveness [53]. The dynamics ruling AR can be different
depending on prostate cell lineage tested. We herein selected
two cell lines in order to provide a robust comparison and
highlight the AR patterns, the PNT2, which is a normal
prostate cell, and the LNCaP, which is an androgen-sensitive
human prostate cancer cell [52, 54].

The AR monitoring patterns are shown in Figure 5. Fig-
ure 5(a) shows the SWV for PTN2 cells over timewhich by the
end of the experiment was approximately 2 ng/mL (20% of
SS) (Figure 5(b)) and can be comparable to AR concentration
found on healthy patients [55]. On the other hand, the
SWV pattern for AR on LNCaP (Figure 5(c)) suggests an
overexpression of it with an approximately 50 ng/mL (55%
of SS) (Figure 5(d)). The AR detection by the biosensor is
aligned with the cell lineage type. LNCaP is an androgen-
dependent lineage; therefore, we observed overexpression of
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Figure 4: (a) Square wave voltammetry plot of the AR aptasensor at potential range 0.0 to -0.5 V, at 40 mV amplitude, and frequency 60
Hz—as AR concentration function (A-I: 0,2 10, 20, 30, 50, 70, 90, and 110 ng/mL), in 10 mM PBS buffer (pH 7.4). (b) Calibration plot of the
PSA aptasensor showing signal suppression rate in signal loss percentage and SWVpeak current as the function of several PSA concentrations.
(c) Selectivity plot of aptasensor in presence of 50 ng/mL of AR, 50 ng/mL of PSA, 50 ng/mL of BSA, and 50 ng/mL of MUC1, showing signal
suppression rate in signal loss percentage of SWV peak current.

AR and can be extrapolated in comparison to early-stage
patients for PCa. In addition, the lower concentration of AR
found for PNT2 lineage is in agreement with healthy patients
and can be explained due to normal behavior of this cellular
lineage [52].

The AR produced by prostate gland is vital to its normal
development and function, and it is well known that the
androgens play key role in the development and regulation
of normal prostatic morphology and functions [56]. The AR
is responsible for cellular proliferation, differentiation, and
prevention of cell death; therefore, in prostate cancer cells the
abnormal AR signaling leads to neoplastic cell proliferation
and promotes cell survival [57]. Usually, for PCa diagnosis
the PSA screening is the first exam, followed by digital rectal
or biopsy [2, 5]; however, there is still a challenge regarding
differentiating tumors that can be metastasize from benign
ones and, in this way, the AR can be a powerful candidate to
fulfill this gap.

In healthy cells, the epithelial AR normally produces
proteins that will be secreted by prostate and the stromal
AR is responsible for cellular growth; however, PCa cells
cause changes in the stromal microenvironment leading it
into a reactive stromal microenvironment [56], which will
promote growth and signaling of cancer cells by activating a
cascade of reaction and secretions of growth factors, such as
growth factor 𝛽, vascular endothelial growth factor, insulin-
like growth factor, fibroblast growth factor, and epidermal
growth factor; thus the AR in prostate cancer will be a combi-
nation of normal signaling (PSA and lipid metabolisms) and
abnormal growth promotions factors driving cancer cells to
an exacerbated proliferation with promotion of cell survival
[51, 58, 59].

AR patterns found by the aptasensor comply with the
dynamics of AR reported in the literature, which can be
associated with tumor aggressiveness and gene alterations.
The PNT2 produced normal levels of AR, and LNCaP



8 Journal of Sensors

J

A

−0.4 −0.3 −0.2 −0.1 0.0−0.5
Potential (V)

0.0

0.5

1.0

1.5

2.0

2.5

3.0
Cu

rr
en

t (


A
)

(a)

0

20

40

60

80

100

Si
gn

al
 S

up
pr

es
sio

n 
(%

)

40 80 120 160 2000
Time (min)

(b)

A

J

0.0

0.5

1.0

1.5

2.0

2.5

Cu
rr

en
t (


A

)

−0.4 −0.3 −0.2 −0.1 0.0−0.5
Potential (V)

(c)

0

20

40

60

80

100

Si
gn

al
 S

up
pr

es
sio

n 
(%

)

40 80 120 160 2000
Time (min)

(d)

Figure 5: (a) Square wave voltammetry plot of the AR released by the PNT2 cell lineage at potential range 0.0 to -0.5 V, at 40 mV amplitude,
and frequency 60 Hz over time in RPMI media. (b) Signal suppression rate in signal loss percentage of the SWV peak current as the function
of AR produced by the PNT2. (c) Square wave voltammetry plot of the AR released by the LNCaP cell lineage at potential range 0.0 to -0.5
V, at 40 mV amplitude, and frequency 60 Hz over time RPMI media. (d) Signal suppression rate in signal loss percentage of the SWV peak
current as the function of AR produced by the LNCaP line.

produced larger amounts of AR, and that can be linked
with tumor aggressiveness, since the abnormal expression of
AR leads to uncontrolled cellular growth and reduces cells
apoptosis pathways [56, 57].

Therefore, our aptasensor clarifies the AR patterns pro-
duction for different prostate cell lineages, and it provides
a novel platform based on graphene oxide as an alternative
to be applied to clinical samples for cancer monitoring; we
hope in the near future it can be used to distinguish PCa from
benign diseases.

4. Conclusion

The relationship between AR and prostate cancer progres-
sion has been exploited in clinical analysis as an attempt
to improve the patient’s survival rate. We developed a
new electrochemical aptamer-based biosensor using reduced

graphene oxide decorated with gold nanoparticles capable of
monitoring the AR released by prostate cancer cells.The sen-
sor recordedARdetection limits of 0.5 ng/mL, respectively, at
linear range up to 100 ng/mL. It was also capable of detecting
AR, even in the presence of several interfering compounds
(PSA, BSA, andMUC1). By the integration of the high affinity
between the aptamer and the cells, the as-designed biosensor
can be used for highly sensitive protein release by cancer cells
and dynamic evaluation of cell surface AR expression. In the
near future, this biosensor can become a powerful clinical
diagnostic instrument to detect PCa in its early stages.
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