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Abstract
Graphene-based sensors have emerged as significant tools for biosensing applications due to their unique electrical, mechani-
cal, and thermal properties. In this study, we have developed an innovative and sensitive aptasensor based on the surface-
modified graphene for the detection of lung cancer biomarker CA125. The sensor leverages the combination of graphene 
surface and gold nanoparticles (AuNPs) electrodeposition to achieve a high level of sensitivity and selectivity for the 
biomarker detection. A noticeable decrease in electron transfer resistance was observed upon the AuNPs deposition, dem-
onstrating the enhancement of electrochemical performance. Our experimental findings showed a strong linear relationship 
between the sensor response and CA125 concentrations, ranging from 0.2 to 15.0 ng/mL, with a detection limit of 0.085 ng/
mL. This study presents a novel approach to lung cancer detection, surpassing the traditional methods in terms of invasive-
ness, cost, and accuracy. The results from this work could pave the way for the development of graphene-based sensors in 
various other biosensing applications.
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1 Introduction

Lung cancer is a leading cause of mortality worldwide, with 
an increasing prevalence observed in the recent decades due 
to various factors, including lifestyle habits and environmen-
tal conditions [1, 2]. As with many types of cancer, early 
detection is key in lung cancer to ensure more successful 
treatment outcomes and improve patient survival rates [3]. 
Despite advances in medical technology, current detection 
methods for lung cancer, such as biopsy and imaging tech-
niques, are invasive, costly, and often not sufficiently accu-
rate for early-stage diagnosis [4, 5].

Cancer antigen 125 (CA125) has been identified as a val-
uable biomarker for lung cancer, especially during the early 
stages of the disease. Elevated levels of CA125 in serum 
have been strongly correlated with the presence of lung can-
cer, making it an attractive target for diagnostic assays [6, 7]. 
The development of highly sensitive and selective detection 
methods for CA125 is critical for enhancing the accuracy of 
lung cancer diagnosis and enabling timely treatment inter-
ventions [8, 9]. Determining the concentration of CA125 is 
of significant clinical relevance, as it is a biomarker associ-
ated with various cancers, including ovarian, endometrial, 
peritoneal, and lung cancer. Recent studies have increasingly 
highlighted its importance. For instance, Charkhchi et al. 
[10] emphasized the role of CA125 in the early detection of 
ovarian cancer, while Wang et al. [11] underscored its poten-
tial as a prognostic indicator in lung cancer patients. Moreo-
ver, a recent meta-analysis by Njoku et al. [12] reinforced the 
significance of CA125 levels in predicting overall survival 
and treatment response in endometrial cancer. These studies 
underscore the urgent need for sensitive, accurate, and user-
friendly methods of CA125 determination, which our novel 
aptasensor aims to fulfill.

Aptasensors, which are based on the specific recogni-
tion of target molecules by aptamers, have emerged as a 
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promising alternative to traditional diagnostic methods 
[13]. Aptamers are single-stranded DNA or RNA mol-
ecules that can bind to their target molecules, such as pro-
teins or small molecules, with high affinity and selectivity 
[14, 15]. Aptamers offer several advantages over antibod-
ies, including ease of synthesis, low cost, and superior 
stability under various conditions. These characteristics 
make aptamers ideal candidates for the development of 
highly sensitive and selective biosensors for disease diag-
nosis [16].

Graphene, a single-atom-thick layer of carbon atoms 
arranged in a two-dimensional honeycomb lattice, has gar-
nered significant attention in recent years due to its unique 
electronic, mechanical, and thermal properties [17]. Owing 
to its high surface area, excellent electronic conductiv-
ity, and biocompatibility, graphene has been extensively 
employed in the fabrication of various biosensors, includ-
ing aptasensors [14]. The large surface area of graphene 
allows for the immobilization of a high density of aptam-
ers, leading to enhanced sensitivity and signal amplification 
[18, 19]. Moreover, graphene’s biocompatibility makes it 
suitable for biological applications, such as the detection of 
cancer biomarkers in complex biological samples [20]. Gra-
phene-based sensors have demonstrated significant potential 
for biosensing applications due to their unique electrical, 
mechanical, and thermal properties. Building on this, our 
study introduces a novel approach, which employs a surface-
modified graphene electrode coupled with gold nanoparti-
cle (AuNP) electrodeposition. This innovative design offers 
enhanced sensitivity and selectivity for the detection of the 
lung cancer biomarker, CA125. The incorporation of AuNPs 
enhances the electron transfer rate, making our sensor a sig-
nificant step forward in biosensing technology.

Despite its many advantages, the hydrophobic nature 
of pristine graphene poses challenges for its application in 
biosensing. To overcome this limitation, various surface 
modification techniques have been developed to improve 
the hydrophilicity, stability, and biocompatibility of gra-
phene. These modifications not only enhance the interaction 
between graphene and biomolecules but also facilitate the 
immobilization of aptamers or antibodies on its surface. In 
this study, we aimed to develop a highly sensitive and selec-
tive graphene-based aptasensor for the detection of the lung 
cancer biomarker CA125. Graphene was synthesized using 
a chemical reduction method and subsequently modified to 
exhibit enhanced hydrophilicity and stability through sur-
face modification techniques. Anti-CA125 antibodies were 
then immobilized onto the surface of the modified graphene, 
constructing an aptasensor capable of recognizing and bind-
ing to CA125 with high specificity. We assessed the perfor-
mance of the aptasensor in terms of sensitivity, selectivity, 
and linear response within the physiologically relevant con-
centration range of CA125.

2  Experimental

2.1  Materials

All utilized chemicals were of analytical grade and were not 
subjected to additional purification. The anti-CA125 DNA 
aptamer (5′-NH2-TTA TCG TAC GAC AGT CAT CCT ACA 
C-3′) and its corresponding complementary DNA strand 
(c-DNA, 5′-GTG TAG GAT GAA AAA AGG GTT GGG CGG 
GAT GGGT-3′) were procured from Bioengineering Co., 
Ltd. 6-Methoxy-1-hexanol (MCH) was acquired from 
Sigma. Chemicals, such as chloroauric acid, potassium fer-
ricyanide, and potassium ferrocyanide, were obtained from 
Aladdin Chemical Reagent Shanghai Co., Ltd. Graphene 
oxide was sourced from Macklin Chemical Reagent Co., 
Ltd.

2.2  SPE fabrication

Initially, screen-printing templates with different shapes 
were designed according to the requirements for the conduc-
tive silver layer and the conductive carbon layer. A custom-
made screen-printing apparatus was then used to print the 
conductive silver paste onto the polycarbonate printed circuit 
board using screen-printing technology. After allowing the 
silver paste to dry in an oven, a conductive carbon paste 
was printed on the working electrode and counter electrode 
over the conductive silver layer, followed by drying in an 
oven. Subsequently, a 1:1 volume ratio mixture of modified 
acrylic ester A and B adhesive was coated onto the elec-
trode surface. Finally, the SPE was prepared by allowing 
it to dry under ambient conditions. The detailed steps for 
preparing the SPE are as follows: in the first step, 0.050 g of 
graphene was weighed and added to an appropriate amount 
of carbon paste diluent, followed by ultrasonic dissolution 
in an ultrasonic cleaner. Then, 2.500 g of conductive carbon 
paste was added and stirred uniformly to obtain a graphene 
conductive carbon paste. In the second step, the conductive 
silver paste was printed onto the PC substrate surface and 
dried in a 90 °C oven for 30 min. Subsequently, the prepared 
graphene conductive carbon paste was printed and dried in 
a 90 °C oven for another 30 min. Finally, an insulating layer 
was applied, and the electrode was allowed to dry at room 
temperature for 30 min. The graphene was electrochemically 
reduced in a pH 7.0 PBS solution (degassed with nitrogen) 
at a potential range of − 1.8 V to 0 V.

2.3  Preparation of aptamer sensors

The SPE is placed in 0.1 M PBS and subjected to cyclic 
voltammetry (CV) scanning within a potential range of − 0.5 
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to 1.5 V for 10 cycles. The SPE is then immersed in 1 mM 
 HAuCl4 and conducted by CV scans. The CV scan is con-
ducted at a potential range of − 1.5 to 1 V, resulting in the 
Au modification (denoted as A/E). After washing the A/E 
with water and allowing it to dry at room temperature, 5 μL 
of 1 μM CA125-aptamer solution is added to the A/E and 
incubated for 12 h. Then electrode is rinsed with PBS to 
remove any unbound aptamers, yielding A/A/E. Then, 5 μL 
of 10.0 nM MCH solution is applied to the A/A/E surface 
for 10 min to block any remaining vacant sites (denoted as 
M/A/A/E). Subsequently, the M/A/A/E surface is thoroughly 
rinsed with PBS to eliminate any residual MCH.

2.4  Electrochemical detection

The C/M/A/A/E is produced by adding 5 μL of CA125 solu-
tion to the M/A/A/E and incubating at 30 °C for 2 h. Fol-
lowing incubation, the M/A/A/E is rinsed with PBS solu-
tion to eliminate excess of CA125 (denoted as C/M/A/A/E). 
The C/M/A/A/E is then positioned in 10 mL of 10 mM 
[Fe(CN)6]3−/4− detection solution. Electrochemical imped-
ance spectroscopy (EIS) is employed for determination, with 
a frequency range and amplitude of 100 kHz to 0.1 Hz and 
5.0 mV, respectively.

3  Results and discussion

SEM was employed to characterize the surface structure of 
both SPE and A/E, with the findings presented in Fig. 1. 
Figure 1A reveals that the SPE surface exhibits a relatively 
even, flake-like distribution, aligning with the typical sur-
face morphology of graphene. Upon the electrodeposition of 
AuNPs onto the graphene surface [21], a substantial quan-
tity of uniform particles emerged on the electrode surface 

(Fig. 1B), signifying the successful deposition of AuNPs 
onto the SPE surface.

Figure 2 presents the EIS of SPE and A/E with varying 
CV scans. It is evident that the electron transfer resist-
ance (ETR) of [Fe(CN6]3−/4− on the SPE is comparatively 
high. This high resistance can be attributed to the lim-
ited conductivity of the unmodified SPE surface, which 
impacts the sensor’s sensitivity. Following the deposi-
tion of AuNPs, the ETR of the A/E surface progressively 
diminishes as the number of deposition cycles increases 
from 2 to 5. The reduction in ETR upon AuNP deposition 
signifies an improvement in electron transfer at the elec-
trode surface, which enhances the sensor’s sensitivity. The 
AuNPs also contribute to the sensor’s selectivity, as they 
provide a high density of active sites for specific binding 
with the CA125 antigen [22]. This can be attributed to the 
high electron density and exceptional dielectric properties 
of AuNPs, which facilitate electron transfer and enhance 

Fig. 1  SEM characterizations of SPE and A/E

Fig. 2  EIS plots of SPE and A/E after 0–6 CV scans
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the reversibility of [Fe(CN6]3−/4 on the A/E surface [23]. 
When deposition cycles continues to rise, the ETR of 
[Fe(CN)6]3−/4− on the A/E remains nearly constant, sug-
gesting that the quantity of AuNPs deposited on the SPE 
surface has essentially reached saturation [24, 25].

We subsequently employed EIS to characterize the fabri-
cation of the proposed electrochemical sensor, as depicted in 
Fig. 3. Upon electrodeposition of AuNPs, the ETR declines. 
This is attributable to the outstanding electrochemical prop-
erties of AuNPs, which accelerate the electron transfer rate. 
As CA125-A is modified on the A/E, the ETR is increased. 
This occurs due to the aptamer’s negatively charged phos-
phate backbone, which causes mutual repulsion with 
[Fe(CN)6]3−/4− and obstructs electron transfer [26]. The 
ETR rises further after employing the sealing agent MCH 
to cover the unoccupied blank sites. When 1 ng/mL CA125 
is immobilized on the A/A/E, the ETR continues to increase.

Furthermore, CV has been used for monitoring the 
entire assembly process, as illustrated in Fig. 4. As shown 
in Fig. 4, the probe demonstrates favorable reversibility on 
the bare SPE. An improvement of probe reversibility can be 
observed after the AuNPs modification. As the A/A/E car-
ries a negatively charged phosphate backbone, it would repel 
the negatively charged probe and influence electron transfer 
rate, resulting in a smaller peak current [27]. Sealing the 
unoccupied blank sites on the electrode surface with MCH 
created a dense film on the A/A/E, which further reduced 
the peak current. Upon the addition of 1 ng/mL CA125, 
it binds to the aptamer-modified electrode, causing a con-
formational change in the aptamer structure and creating 
a steric hindrance. This obstructs the electron transfer of 
the probe, specifically between the electrode and the redox 
probe [Fe(CN)6]3−/4−, leading to an increased peak potential 

difference and a decreased peak current. After adding 10 ng/
mL of CA125, the peak current persisted in decreasing.

The amount of CA125-A modified on the electrode is 
a critical factor influencing the detection ability, so opti-
mizing the CA125-A concentration is necessary. Figure 5A 
shows the effect of the CA125-A concentration toward the 
Ret. As the CA125-A rises from 0.1 μM to 1 μM, the Ret 
progressively increases. When the CA125-A continues to 
rise to 30 μM, the Ret plateaus and essentially ceases to 
change. This suggests that all available sites on the elec-
trode surface are occupied by CA125-A, indicating that the 
amount of CA125-A has reached saturation. Beyond this 
point, additional CA125-A molecules cannot bind to the 
electrode surface, and consequently, the Ret does not change 
significantly [28]. Consequently, a carcinoembryonic antigen 
aptamer concentration of 1 μM was selected for subsequent 
experiments.

The aptamer’s immobilization time is a crucial factor 
affecting the aptamer sensor’s performance, so optimizing 
the immobilization time is important [29]. Figure 5B illus-
trates the effect of different immobilization periods for the 
1 μM CA125-A. The figure shows that the Ret gradually 
increases of immobilization periods from 2 to 10 h. After 
10 h, the Ret plateaus and essentially ceases to change, indi-
cating that the aptamer immobilization amount has reached 
saturation [30]. Thus, the chosen CA125-A immobilization 
time was 10 h.

The incubation time also significantly affects the perfor-
mance, so investigating the binding time between the M/A/
A/E and CA125 is essential. The M/A/A/E was incubated 
with varying durations, with the experimental results dis-
played in Fig. 5C. It can be observed that, as the incubation 
time varies between 10 and 40 min, there is a substantial 

Fig. 3  EIS plots of SPE, A/E, A/A/E, M/A/A/E, and A/M/A/A/SPE 
in 5 mM [Fe(CN)6]3−/4−

Fig. 4  CV curves of SPE, A/E, A/A/E, M/A/A/E, and A/M/A/A/E in 
5 mM [Fe(CN)6]3−/4−



1815Carbon Letters (2023) 33:1811–1817 

1 3

increase in ETR with increasing time. When the incubation 
time ranges from 40 to 60 min, there is a minor decrease in 
Rct. As the incubation time exceeds 60 min, Rct stabilizes. 
This suggests that 60 min is a more suitable time for the 
CA125-A to specifically bind to CA125.

After the optimizations, different concentrations of 
CA125 were assessed using A/M/A/A/SPE via EIS. The 
results are presented in Fig. 6. Figure 6A displays the EIS 
plots of the A/M/A/A/SPE interacting with different con-
centrations of CA125. As shown in Fig. 6A, the impedance 
value showed the lowest at blank solution, and progres-
sively increases when various concentrations of CA125 

are introduced. This can be ascribed to the CA125 binding, 
leading to a rise in [Fe(CN)6]3−/4− electron transfer resist-
ance. Figure 6B illustrates the relationship between ETR 
and CA125 concentrations. The figure reveals a strong lin-
ear correlation between the sensor and CA125 from 0.2 to 
15.0 ng/mL. The limit of detection can be calculated to be 
0.09 ng/mL. To contextualize our findings within the broader 
field, we compared the performance of our graphene-based 
aptasensor to previously reported methods for CA125 detec-
tion (Table 1).

Reproducibility is a crucial parameter to assess the accu-
racy of the devised electrochemical aptasensor. To evaluate 

Fig. 5  The effect of A CA125-A concentration, B immobilization time, and C incubation time on the sensor

Fig. 6  A EIS of A/M/A/A/E toward different concentrations of CA125. B Plots of  Rct vs. CA125 concentration

Table 1  Comparison of our 
graphene-based aptasensor with 
previously reported methods for 
CA125 detection

Sensor Linear range LOD References

MoS2-gold-nanoflowers 0.01–50 ng/mL 0.36 pg/mL [31]
Ag NCs/GO or Ag/Au NCs/GO 2 ng/mL–6.7 µg/mL 1.26 ng/mL [32]
PAMAM-dendrimer/Au NPs 0.5 fg/mL 1 fg/mL–1 ng/mL [33]
Ag2S QDs 0.1–106 ng/mL 0.07 ng/mL [34]
A/M/A/A/E 0.2–15.0 ng/mL 0.09 ng/mL This work
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this, five sets of aptasensors, each containing five sensors, 
were prepared to detect CA125 concentrations of 0.2 ng/
mL, 0.5 ng/mL, 1 ng/mL, 5 ng/mL, and 10 ng/mL. Under 
optimal conditions, the aptasensor was assessed using an 
i–t curve. Figure 7A displays the ETR obtained from test-
ing the ten sets of A/M/A/A/E, yielding relative RSD of 
2.67%, 2.44%, 1.78%, 2.55%, and 3.06%, respectively. These 
performances indicate that the devised A/M/A/A/E exhibits 
strong reproducibility.

The stability of the aptasensor is evaluated by repetition 
of measurements of A/M/A/A/E. Ten aptasensors were pre-
pared for determination of 1 ng/mL CA125. As shown in 
Fig. 7B, the fabricated aptasensor changed only 3.55% after 
2 weeks and 7.03% after 3 weeks. The ETR decreased by 
10.01% after 5 weeks. The decrease in ETR may be due to 
the accumulation or gradual inactivation of biomolecules.

Figure 7C shows the interference performance of the fab-
ricated A/M/A/A/E toward CA125 and other interference 
species of AFP, HBS, PSA and IgG. As shown in Fig. 7C, 
all interference species can change the ETR less than 5%, 
suggesting that the fabricated A/M/A/A/E has excellent 
selectivity and specificity.

4  Conclusion

In conclusion, we successfully developed a highly sensitive 
and selective graphene-based aptasensor for the detection of 
the lung cancer biomarker CA125. Our experimental results 
demonstrated the aptasensor’s high specificity, with a strong 
linear correlation between the sensor and CA125 concen-
trations ranging from 0.2 to 15.0 ng/mL, and a detection 
limit of 0.085 ng/mL. Importantly, the aptasensor exhibited 
excellent reproducibility, with RSD ranging from 1.78% to 
3.06% for various CA125 concentrations. The sensor also 
demonstrated great stability, with a minor change in ETR 
after 5 weeks. Moreover, the sensor displayed exceptional 
selectivity, with interference species causing less than a 5% 

change in ETR. By employing a chemical reduction method 
for graphene synthesis and utilizing surface modification 
techniques, we improved the hydrophilicity and stability of 
the aptasensor, leading to its exceptional performance in 
CA125 detection.
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