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Abstract
The development of an Aptamer based biosensor for the selective detection of human epidermal growth factor receptor 2 
(HER2) with high sensitivity and specificity was achieved. A screen-printed carbon electrode was used in the scope of this 
work. The HER2 Aptamer was immobilized via electrostatic adsorption on the surface of a screen-printed electrode, which 
was modified with Au Nanoparticles (~ 20 nm diameter) to support the Aptamer immobilization. The Aptasensor was exten-
sively investigated using Cyclic voltammetry, Differential pulse voltammetry, Electrochemical impedance spectroscopy, 
Fourier transform infrared spectroscopy and Atomic force microscopy. The Aptasensor exhibits a fast response with a bind-
ing time of only 5 min and shows a log-linear response over a wide concentration range of 0.001—100 ng/mL. Moreover, it 
has high sensitivity and enhanced detection limit reaching 52.85 μA/ng/mL, and 0.001 ng/mL, respectively, with a relative 
standard deviation < 5%. The Aptasensor selectivity was studied by using different interfering substances, and the results 
demonstrate that the Aptasensor is efficient for the detection of HER2 with approximately 8% extent of the interference.

Keywords Biosensor · Gold Nanoparticles · Human epidermal growth factor receptor 2 (HER2) · Aptamer · Breast Cancer 
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1 Introduction

Breast cancer is considered as one of the main cancer types 
leading to death universally. This is because it is responsible 
for about 23% of the cancer death cases in women worldwide 
(Mahfoud et al. 2014). The critical point to achieve success-
ful management of these diseases is to be detected in its 
early stages. Current diagnostic techniques, to some extends, 
are limited, as they have low sensitivity, time-consuming, 
and high cost. Therefore, until today there is an urgent need 
for high-performance diagnostic techniques to overcome the 
limitations of current analysis methods.

In breast cancer, one of the most essential prognoses and 
diagnosis biomarker is the Human epidermal growth factor 

receptor 2 (HER2), which is a protein with clinical serum 
cuts-off at 15 ng/mL (Ravalli et al. 2016); the normal range 
in healthy women is in the range of 2—15 ng/ml. Hence, 
HER2 has a vital role in cancer detection systems, HER2 
can be found in 20—30% of the breast cancer confirmed 
cases (Laocharoensuk 2016; Mittal et al. 2017; Boureau 
et al. 1988; Gullick 2001; Riccio et al. 2009; Mishra and 
Verma 2010; Hasanzadeh et al. 2017). Some researchers 
reported that circulating HER2 levels are valuable for diag-
nosis and therapeutic purpose (Köstler et al. 2004; Ludovini 
et al. 2008; Carney et al. 2003). The monitoring of HER2 
level is also useful in other cancer types such as oral, ovar-
ian, gastric, and lung cancers. Immunohistochemistry and 
fluorescent in situ hybridization are FDA approved assays for 
clinical testing, but both methods have limitations in accu-
racy and reliability. In addition, their procedure is compli-
cated, time-consuming, and requires skilled-qualified staff to 
execute the appropriate multi-step procedures. Therefore, the 
development of a new robust, simple, accurate, and fast time 
response diagnostic technique is needed (Tse et al. 2005; 
Furrer et al. 2015). Besides, it may lead to revolutions in the 
cancer biomedical devices industry.
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Different types of biosensors were developed in the last 
decades for HER2 detection. From recognition point of 
view, antibodies are the most popular choice, here are some 
recent studies on the development of HER2 immunosensor 
(Salahandish et al. 2018; Arkan et al. 2015; Tallapragada 
et al. 2017; Emami et al. 2014; Ahmad et al. 2019; Hartati 
et al. 2020; Freitas et al. 2019). In comparison with antibody, 
Aptamer is smaller in size (one-tenth of antibodies), higher 
specific binding efficiency, and has higher thermostability. 
Besides, it can be modified with minimal variation when 
different batches are produced (Sun and Zu 2015). Further-
more, using Aptamer in the biosensor design is showing 
great potential for developing innovative biosensor. Sev-
eral HER2 Aptasensors were recently developed. Gold 
nanoparticles modified with 2,5-bis(2-thienyl)-1H-pyrrole-
1-(p-benzoic acid), were used to develop a sandwich based 
voltammetric sensor for HER2 detection by using graphene 
carbon electrode (Zhu et al. 2013). In (Ou et al. 2019), a 
sandwich electrochemical Aptasensor was developed for 
HER2 detection, the obtained liner range was from 0.1 to 
100.0 ng/mL, and the limit of detection was 0.08 ng/mL. 
Electrodes modified with Au Nanoparticles were used in the 
development of a HER2 Aptasensor; showing a linear range 
between  10−5—102 ng/ml, and a limit of detection reach-
ing 5 ng/ml (Chun et al. 2013). Qureshi et al., fabricated 
an interdigitated Au microelectrode to develop a label-free 
capacitance-based Aptasensor. In their work, the biosensor 
reached a linear in the range of 0.2—2 ng/ml, and a LOD of 
2 ng/ml (Qureshi et al. 2015). Others reported a 1 pM LOD, 
and 1 pM to 100 nM linear range using an interdigitated 
capacitive Aptasensor modified with Au nanoparticles (Arya 
et al. 2018).

Screen-printed electrodes (SPEs) gained worldwide attrac-
tion due to their low cost, and high reproducibility. Therefore, 
SPEs are used worldwide in the biosensor development for 
different studies (Beitollahi et al. 2020; Smart et al. 2020; 
Antuña-Jiménez et al. 2020; Mohanraj et al. 2020); espe-
cially in breast cancer biomarkers detection (Tallapragada 
et al. 2017; Nawaz et al. 2016; Patris et al. 2014; Freitas et al. 
2020a, b; Bezerra et al. 2019; Ou et al. 2019). In (Bezerra 
et al. 2019), Aptasensor was developed using a screen-printed 
electrode modified with poly-L-lysine, showing a detection 
limit of 3.0 ng/mL over concentrations range of HER2 pro-
tein from 10 to 60 ng/mL. An in vitro assay was developed 
for HER2 detection by Javed H. Niazi et al., they investigated 
the affinity separation of carbon nanotubes enveloped with 
anti-HER2 ssDNA Aptamers (Niazi et al. 2015), showing 
approximately 1:1 affinity dissociation ratio between H2 
Aptamer and HER2 protein.

In this research, screen-printed carbon electrodes modi-
fied with Au nanoparticle were used to develop an Aptamer 
based biosensor for HER2 recognition. The efficiency of 
each step in the development process, was investigated by 

using different characterization techniques, such as Atomic 
force microscopy (AFM), Fourier transform infrared spec-
troscopy (FTIR), Cyclic voltammetry (CV), Differential 
pulse voltammetry (DPV), and Electrochemical imped-
ance spectroscopy (EIS). Differential pulse voltammetry 
and Electrochemical impedance spectroscopy were used to 
study the Aptasensor response. The developed Aptasensor 
shows a log-linear response over a wide concentration range 
from 0.001 to 100 ng/mL and high sensitivity of ~ 52.85 μA/
decade, with a very low detection limit reaching 0.001 ng/
mL. These findings can lead to enhanced biomedical devices 
used for cancer diagnosis.

2  Experimental setup

2.1  Materials

DNA Aptamer specific for HER2 with thiol terminal (5'-SH-
(CH2)6-GGG CCG TCG AAC ACG AGC ATG GTG CGT 
GGA CCT AGG ATG ACC TGA GTA CTG TCC-3') was 
received from Integrated DNA Technologies (USA) and 
was stored at − 20 °C until used. Human epidermal growth 
factor2 (R & D Systems) was prepared with different con-
centrations in PBS, pH 7.4. Tris (2-carboxyethyl) phos-
phine hydrochloride (TCEP) was received from Alfa Aesar 
(USA). Ethylenediaminetetraacetic acid (EDTA) buffer 
was purchased from Integrated DNA Technologies (USA). 
6-Mercapto-1-hexanol (MCH) was received from Merck 
(USA). Dulbecco's phosphate-buffered saline was procured 
from Merck (UK). Potassium hex cyanoferrate(II) trihydrate, 
98.5%,  (K4[Fe(CN6]0.3H2O) was acquired from ACROS 
Organics (Belgium). Potassium Hexacyanoferrate(III) 
 K3[Fe(CN)6] from Fisher Chemical (UK). Potassium chlo-
ride (KCl), 99.5%, from Gainland Chemical Co. All aqueous 
solutions were prepared using nuclease-free water.

2.2  Measurement and apparatus

The screen-printed carbon electrodes (3.4 × 1.0 × 0.05 cm, 
length x width x height) were acquired from DropSens 
(Spain). These SCPEs consist of three electrodes: A Car-
bon working electrode (WE) with 4 mm diameter, modified 
with AuNPs (~ 20 nm diameter). A carbon counter electrode 
(CE), and a reference electrode (RE), are made of a silver 
composite as (Ag/AgCl). Before starting the experiments, 
the SPEs were rinsed thoroughly with deionized water and 
were blown dry with nitrogen gas.

The Aptasensor was characterized and studied with dif-
ferent techniques: Fourier-transform infrared spectroscopy 
from Perkin-Elmer Spectrum, the AFM images were taken 
by an AIST-NT SmartSPM™ 1000 scanning probe micro-
scope (SPM, Novato, CA). Also, the EIS, CV, and DPV 
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measurements were performed in an Ivium Compact Potenti-
ostat from Ivium Technologies. The CV measurements were 
recorded in the potential window of—0.5 to 0.8 V at a scan 
rate from 10—90 mV/s. The reactant solution was prepared 
in a 10 mM PBS (pH 7.4), by using a 2 ml of PBS solution 
after mixing it with a 5 mM [Fe(CN)6]4−, and a 5 mM of 
[Fe(CN)6]3− as a redox probe couple. The DPV measure-
ments were carried out in the potential region from—0.5 to 
0.8 V at a scan rate of 3 mV/s with the excitation of 85 mV 
amplitude, and a 4 mV step potential. The frequency range 
used for the EIS measurements were 100 kHz – 0.01 Hz with 
a 0.01 V signal amplitude.

2.3  Immobilizing capture of the anti‑HER2 Aptamer 
on the SPEs

Aptamer resuspension and dilution were done using TE 
buffer (10 mM Tris, and 0.1 mM EDTA pH 7.4). The immo-
bilization of the thiolated anti-HER2-Aptamer on the modi-
fied electrode was performed according to the following 
procedure: Aptamers stock solution heated to 95 °C gradu-
ally, then cooled down to the room temperature. A 25 µM 
Aptamer solution was added to a 10 mM TCEP, and then, 
the sample was incubated for 2 h at room temperature in 
a dark chamber. After the reduction process, the Aptamer 
solution was diluted to 1 µM supplemented with 5 mM of 
NaCl and 5 mM of  MgCl2. The immobilization of Aptamers 
was carried out by casting the Aptamers solution (8 µL) onto 
the SPE/AuNPs surface. The samples were then incubated 

for 2 h at room temperature in a dark chamber. This step was 
followed by using PBS for washing purposes. To remove the 
physically adsorbed Aptamer and to passivate the electrode 
surface, an 8 μL of 1 mM MCH was positioned subsequently 
on the SPE/AuNPs in the dark chamber for 2 min. A sche-
matic diagram showing the preparation steps mentioned 
before is shown in Fig. 1 below.

2.4  Electrochemical detection of HER2

For HER2 detection, 100 µg/ml of the stock solution was 
prepared in PBS (pH 7.4). The working concentration 
of HER2 was prepared by appropriate dilutions of the 
HER2 stock solution in PBS at pH 7.4 containing a 5 mM 
[Fe(CN)6]3−/4−. The detection of the HER2 protein was car-
ried out by casting various concentrations of HER2 solution 
(8 µL) onto the SPE/AuNPs/Aptamer/MCH surface at room 
temperature, and for five minutes. After this, washing with 
PBS to remove any unbounded HER2 was performed. The 
binding reaction needs 10 min at 25 °C. The DPV cathodic 
peak responses of the SPEs/AuNPs/Aptamer/MCH elec-
trodes were studied at different HER2 concentrations (100, 
10, 1, 0.1, 0.01, 0.001, and 0.0001 ng/ml).

The selectivity of the Aptasensor was quantitatively 
evaluated by incubating the SPE/AuNPs/Aptamer/MCH in 
[Fe(CN)6]3−/4−/PBS solutions containing non-complementary 
DNA oligonucle-otide (200 ng/ml), non-complementary RNA 
oligonucle-otide (100 ng/ml), Midkine protein (150 ng/ml), 

Fig. 1  Schematic diagram for the preparation steps of the developed Aptasensor
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lgG (1 ×  104 ng/ml) and the mixture of these interference 
substances.

3  Results and discussion

The SPEs/AuNPs, SPEs/AuNPs/Aptamer, and SPEs/AuNPs/
Aptamer/MCH electrodes were characterized with CV, DPV, 
and EIS measurements by using a 50 mM PBS, pH 7, that 
contains a 5 mM [Fe(CN)6]3−/4, as shown in Fig. 2A, B, C. 
At first, the CV measurements for each modification were 
recorded between − 0.5 V—0.8 V with a scan rate from 
10—90  mVs−1. The results are showing an increase in the 
cathodic peak currents and anodic peak currents as increas-
ing the scan rate, also, the value of peak potential (ΔEp); 
which is the difference between the anodic peak potential 
 (Epa), and the cathodic peak potential  (Epc), increases at 
higher scan rates as shown in Fig. 2D. From comparing these 
results, it is noted that the electrode has notable current peak 
changes due to the modification, which alters the kinetics of 
electron transfer. After Aptamer immobilization, the surface 

resistance was increased, and the kinetics of electron transfer 
was decreased, causing current reduction, and peak potential 
increment. While after the modification with MCH, the non-
specifically adsorbed parts of the Aptamer were displaced, 
because of the repletion between the negative charge of the 
MCH terminus and the Aptamer backbones. Simultaneously 
an increment in the current peaks was noted. (Mehennaoui 
et al. 2019; Khan et al. 2016; Aghaei et al. 2017).

Relative variations of the current were checked using 
the CV measurements at a 70  mVs−1 scan rate as shown in 
Fig. 3A. Compared with the control SPEs/AuNPs electrode 
(the black curve), a noticeable decrease in the peak current 
of the Aptamer probes modified electrode (the red curve) 
of about 20 µA was noticed. The increment in the differ-
ence of the redox peak potential is related to the repulsive 
interaction of the [Fe(CN)6]3−/4− anions with the negatively 
charged backbones of the Aptamer. After blocking the SPEs/
AuNPs/Aptamer with MCH, the interfacial electron transfer 
of the probes was impeded. Therefore, the peak currents 
increased (~ 6 µA), and the difference of the redox peak 
potential decreased as seen in the blue curve.
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As shown in Fig. 3B, the correlation between the peak 
current ( Ip ) and the square root of the scan rate (V1∕2) is 
linear After Aptamer immobilization, the slop was drasti-
cally decreased, which is an indication of the strong binding 
between the Aptamer and the modified electrode surface. 
The slope, which is �Ip

�V1∕2  is proportional to the effective 
surface area ( Areaeffective) , which can be calculated from 
Randles–Ševčík equation (Shi et al. 2011):

where Areaeffective is the effective surface area ( cm2),D is the 
diffusion coefficient ( 6.7 × 10−6cm2

s
−1) , C is the molar con-

centration of the electroactive species, which is ferricyanide 
(5 mM), V is the scan rate ( mVs−1 ), and n is the number of 
transferred electrons for the redox reaction. The n value is 
equal to one according to the following half-reaction, which 
takes place at the electrode surface:

The Areaeffective is 0.3516 cm2 , which is 2.8 times the 
geometric surface area. Gold nanoparticles increase the 
effective surface area and increase the conductivity, which 
provides stable immobilization and improves the electrons 
transfer at the electrode–electrolyte interface (Mittal et al. 
2017).

Differential pulse voltammetry measurements are 
shown in Fig. 3C. These measurements were studied for 
further investigations of the sensing interface construc-
tion. For the pristine SPEs/AuNPs electrode, the change 
of the cathodic peak current  (Ip) was recorded to be 108 
μA (the black curve). After the Aptamer immobilization 
on the SPEs/AuNPs electrode, the  Ip decreased to 77.6 μA 
(the red curve). After further modification with MCH,  Ip 
increased to 88.5 μA (the blue curve).

In the EIS measurements, the electron-transfer resistance 
 (Rct) was analyzed after each modification step. It is needed 
to monitor the change in this parameter as it gives an indica-
tion of the change of the redox probe kinetics at the electrode 
interface. The  Rct value of the pristine SPEs/AuNPs was as 
small as 193.357 Ω (blue curve Fig. 4A). The resistance 
increased to 618.76 Ω, after Aptamer immobilization (black 
curve Fig. 4A) (Chun et al. 2013). Which can be attributed to 
the electrostatic repulsion of the negatively charged Aptamer 
with the solution-phase [Fe(CN)6]3−/4− at the redox probe. 
Finally, after MCH blocking, the  Rct decreased to 433.852 
Ω (red curve in Fig. 4A). The Randle's circuit used to model 
the measured impedance spectra is shown in Fig. 4B. In 
this circuit, the electrode solution interface is represented 
by the parallel combination of the charge,  Rct, the solution 
resistance  (Rs), and the double-layer capacitor  (Cdl). The 
diffusion of the redox couple from the electrode and into it 
is represented by Warburg impedance  (Zw), which arises at 
low frequencies. For each obtained EIS spectra, the  Rct can 
be noted from the diameter of the observed well-defined 
semicircle. The results of the EIS measurements and analysis 
also indicate that the Aptasensor was prepared efficiently. 
In addition, the EIS results obtained during the Aptasensor 
construction were consistent with both the CV and the DPV 
measurements, respectively. These results confirm that the 
SPEs/AuNPs/Aptamer/MCH was successfully assembled.

Ip = 2.69 × 105 × n3∕2 × Areaeffective × D
1∕2 × C × V1∕2
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are SPE/AuNPs, SPE/AuNPs/Aptamer, SPE/AuNPs/Aptamer/MCH
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In order to study the topography and roughness dur-
ing the Aptasensor development, AFM images were 
obtained. The AFM results of the SPE/AuNPs, SPEs/
AuNPs/Aptamer, and SPEs/AuNPs/Aptamer/MCH sur-
face are shown in Fig. 5. For the SPE/AuNPs electrode, 
the roughness was  Ra = 50.54 nm as shown in Fig. 5A. 
After the immobilization of the Aptamer probes, the  Ra 
value significantly decreased to 17.39 nm, as shown in 
Fig. 5B. The change in roughness here explains the mod-
ification of the electrode surface via Aptamer probes, 
which completely cover the gold modified carbon elec-
trode. On the other hand, after binding of the Aptamer 
probes with the target protein (HER2), the average 
roughness increased to 40.53 nm, as shown in Fig. 5C. 
These results confirm the formation of layers and quan-
tification of the volume of the Aptamer and the target on 
the surface of the electrode.

Fourier-transform infrared spectroscopy results were 
recorded in the spectral range between 900 – 3800  cm−1, 

as shown in Fig. 6. These spectra were obtained for the 
three cases under study, where they show how the spectra 
change from one modification to the other. In the case of 
SPE/AuNPs/Aptamer (Fig. 6B), Some bands were found 
are corresponded to the characteristic Aptamer peaks. 
The vibrations of C-H may be assigned to the bands at 
about ~ 2908 and 2980  cm−1, respectively, which is arising 
from the −  CH2- groups in the sugar-phosphate backbone. 
The bands about 1057  cm−1 are assigned to the vibration 
of P-O-C groups, the vibration of the thiol (S–H) assigned 
to the band about 2645  cm−1. After further modification 
with MCH (Fig. 6c), all the bands did not show significant 
changes, which means that all the absorption peaks char-
acterized by the MCH groups are masked by the Aptamer 
absorption peaks. These results agrees with other reported 
results elsewhere (Mehennaoui et al. 2019; Tak et al. 2017; 
Wang et al. 2016).

The performance of the Aptasensor to detect HER2 was 
studied by using DPV measurements, as shown in Fig. 7A. 

Fig. 4  (A) EIS measurements 
for SPE/AuNPs, SPE/AuNPs/
Aptamer, SPE/AuNPs/Aptamer/
MCH, and (B) The equivalent 
Randle's electrical circuit of the 
measured electrodes
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The produced DPV cathodic peak currents response gradu-
ally decreased as the concentration of HER2 increased. The 
Aptasensor SPEs/AuNPs/ Aptamer/MCH electrodes were 

studied with different concentrations as: 100, 10, 1, 0.1, 
0.01, 0.001, and 0.0001 ng/ml. As can be seen, the inher-
ent current peak was recorded at  Epa = 0.088 V. When the 

Fig. 5  AFM images of (A) 
SPE/AuNPs, (B) SPE/AuNPs/
Aptamer, (C) SPE/AuNPs/
Aptamer/HER2
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aptaelectrode interacted with a 100 ng/ml concentration 
of HER2, the interaction exhibited the lowest peak current 
intensity (38.6 µA) in comparison with the other concentra-
tion. It is concluded that at this concentration, the sensor 

surface contains the highest ratio of the Aptamer-HER2 
complex.

The regression equation of the DPV experimen-
tal data is y = A + B(x), where y is the biosensor cur-
rent response (µA), x is the logarithm of HER2 con-
centration, and A and B are the biosensor constants. 
Figure 7B shows the linear fitting of the data points 
which gives y = -7.3343 + 52.85(x) with 0.992 correla-
tion co-efficient, n = 4, and RSD < 5%. The detection 
limit was found to be 0.001 ng/ml, as it was calculated 
using S/N = 3 criteria. One of the attractive features of 
the developed Aptasensor is the fast measuring time, the 
Aptasensor exhibits fast response with a binding time 
of only 5 min. In addition, the Aptasensor showed a 
stable EIS response for 72 h with RSD around 4% After 
this period, the stability was considerably decreased 
with RSD around 30%. Table 1 shows recent researched 
HER2 Aptasensors, in comparison with other HER2 
Aptasensors, this work demonstrated excellent perfor-
mance showing a very low limit of detection, and wide 
linear range.

To investigate the specificity of the biosensor non-com-
plementary DNA oligonucle-otide, non-complementary 
RNA oligonucle-otide, Midkine protein, lgG, and a mixture 
of these mentioned above with HER2 were analyzed under 
the same conditions using DPV. As illustrated in Fig. 8, 
the current intensity changes (ΔI) were very poor with the 
interfering substances, and the Aptasensor showed negligi-
ble cross binding to the interfering substances (not greater 
than 10% of that observed for HER2). It was found that 
when mixing certain concentration of HER2 (i.e. 10 ng/ml) 
with an extremely high concentration of interferences mix-
ture, the extent of the interference was found to be around 
8%. These results demonstrate that the developed Aptasen-
sor is highly successful in the selective HER2 detection 
process.

Fig. 6  FTIR spectra of (a) Bare 
SPE/AuNPs, (b) SPE/AuNPs/
Aptamer, (c) SPE/AuNPs/
Aptamer/MCH measured in the 
spectral range between 900 – 
3800  cm−1
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Fig. 7  (A) DPVs of the Aptasensor SPEs/AuNPs/Aptamer-MCH 
electrodes studied with different concentrations (100, 10, 1, 0.1, 0.01, 
0.001, 0.0001 ng/ml) of HER2 diluted in PBS. (B) The linear varia-
tion in the obtained DPV current with log [HER2 target concentra-
tion]
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4  Conclusion

In this work, Aptamer based biosensor for HER2 detection 
was developed, using Au nanoparticles modified screen-
printed carbon electrode. Different techniques (CV, DPV, 
EIS, FTIR, and AFM) were used to characterize the devel-
opment process. The Au nanoparticle modified Aptasensor 
showed a log-linear response over a wide concentration 
range of 0.001—100 ng/mL, a very low detection limit of 
about 0.001 ng/ml, and a fast binding time of only 5 min. 

In addition, the aptasensor showed a stable response for 
three days with RSD around 4%. Moreover, results of 
the selectivity study demonstrate that the developed Au 
nanoparticle modified Aptasensor is highly effective in 
HER2 selective detection with negligible cross binding to 
the interfering substances (not greater than 10% of that 
observed for HER2). The incorporation of gold nanopar-
ticles with the screen-printed technology provides sup-
port features showing promising results in the aptasensor 
development.

Table 1  Performance comparison of HER2 Aptasensor based on the electrodes and the detection techniques

electrode Technique Limit of detection Sensitivity Linear range Reference

Graphene oxide-chitosan 
modified glass carbon 
electrode

DPV 0.21 ng/ mL 0.14 mA ng-1 mL 0.5 to 2 ng/ml and 2 to 
75 ng/ mL

Tabasi et al. (2017)

Interdigitated gold micro-
electrodes

EIS 0.2 ng/mL - 0.2 to 2 ng/mL Qureshi et al. 
(2015)

Gold nanoparticles modi-
fied gold electrode

EIS 10−5 ng/mL 438.9Ω/(log [HER2] ng/
mL)

10−5 to  102 ng/mL Chun et al. (2013)

glassy carbon electrode 
(GCE) modified with 
gold, graphene oxide, 
and single walled carbon 
nanotubes

EIS 50 fg·mL − 457.38 Ω/(log[HER2] pg/
mL)

0.1 pg·mL − 1 to 1 ng·mL − 1 Rostamabadi and 
Heydari-Bafrooei 
(2019)

screen-printed electrode 
modified with poly-L-
lysine

DPV 3.0 ng/mL 0.0879 μA/ (ng/mL)) 10 to 60 ng/mL Bezerra et al. 
(2019)

Screen-printed electrode 
modified with gold nano-
particles

DPV 0.001 ng/mL 52.85 μA/(log[HER2] ng/
mL)

0.001 to 100 ng/mL This work

Fig. 8  The selectivity of the 
Aptasensor for HER2 (10 ng/
ml), detected against interfer-
ences, including Midkine 
(150 ng/ml), lgG 1 ×  104 ng/
ml, RNA 100 ng/ml, and DNA 
200 ng/ml in PBS
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