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A B S T R A C T

Reducing background signal is an effective method to improve the sensitivity of amperometric immunosensors,
which are significant in the detection of cancer. Herein, a novel immunosensor probe was synthesised using
zeolitic imidazolate framework-hydroquinone-bovine serum albumin (ZIF-8-HQ-BSA). Based on the probe, an
“off-on” strategy was applied in the immunosensor to amplify ΔI, the current signal “turn off and on”. The ZIF-8-
HQ-BSA probe initially showed little current signal since ZIF-8 and BSA exhibit poor conductivity. To amplify the
current signal “turn on”, the structure of ZIF-8 was broken after treatment with HCl, releasing hydroquinone to
be absorbed by the polyaniline hydrogel substrate. Hydroquinone can produce a strong signal and also exhibits
strong catalytic ability for H2O2 to further enhance the signal. Following this method, the immunosensing
platform was used to detect cytokeratins antigen 21-1 (CYFRA21-1) in human serum and revealed a wide liner
range from 0.1 pgmL−1 to 100 ngmL−1 with a low detection limit of 0.65 pgmL−1 (S/N=3), demonstrating
good consistency with an electrochemiluminescence immunoassay. Thus, the amperometric immunosensing
platform discussed in this work has high potential for application in healthcare monitoring, clinical diagnostics,
and biomedical devices.

1. Introduction

Cancer is a leading cause of health decline in humans with the
number of deaths increasing each year. Early detection is the key to
enhance successful treatment of the disease, leading to increased pa-
tient survival rate (Danielle et al., 2012; Wang et al., 2006, 2017; Wang
and Ma, 2017; Tang et al., 2017a, 2017b). A tumour marker is a sub-
stance that a tumour cell has produced or produces during the devel-
opment and growth of cancer (Wang et al., 2017; Tang et al., 2017a,
2017b). Therefore, the determination of tumour markers plays an im-
portant role in the early detection of cancers. Recently, great efforts
have been made to the detect tumour biomarker, such as enzyme-linked
immunosorbent assay (ELISA), fluorescence immunoassay, chemilumi-
nescence assay, radio immunoassay, and electrochemiluminescence
assay (Tang et al., 2017a, 2017b; Shan et al., 2016; Wang et al., 2014a,
2014b; Zou et al., 2017; Wang et al., 2011, 2003). Although each of
these methods has shown effective detection, there are also some in-
evitable drawbacks, including: (1) the preparation time of ELISA is
time-consuming; (2) the chemiluminescence assay has poor selectivity;

(3) and fluorescence immunoassay fluorescence immunoassay has ex-
hibited signal instability and high background signal. Thus, the devel-
opment of a highly sensitive and efficient immunoassay is largely de-
sirable for tumour marker detection.

Electrochemical immunoassays have shown to be a reliable, time-
saving method with good sensitivity, which is an important indicator of
detection efficiency (Tang et al., 2017a, 2017b). Currently, several
common methods are available to increase sensitivity. (1) Catalytic
nanomaterials, such as noble metal nanoparticles and biological en-
zymes, are often used to catalyse signal amplification. However, noble
metals and biological enzymes are expensive, and the application
condition of enzymes requires a tedious procedure. These dis-
advantages limit their application in clinical diagnosis to some extent
(Fan et al., 2015; Liu et al., 2013, 2014; Sanati et al., 2014). (2) Con-
ductive substrates composed of noble metals and carbon materials,
which exhibit good conductivity and a large specific surface area, can
produce a large electrochemical signal and improve sensitivity. Yet,
carbon nanotubes require strict conditions for the activation process
using strong acid heating reflux, and graphene has poor solubility and a
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tedious post processing (Karimi-Maleh et al., 2013; Liu et al., 2014;
Moradi et al., 2013; Sanati et al., 2014; Tang et al., 2016; Liang et al.,
2017). (3) Redox nanomaterials, including redox metal ions, redox in-
organic nanocrystals, and organic dye molecules, are used in ampero-
metric immunoassays, in which the electrochemical activity and
quantity of redox species can significantly affect the strength of the
current signal. To receive powerful signals, these redox materials gen-
erally possess some advantageous properties in terms of the amount of
redox sites, large specific area, good hydrophilicity, conductivity, low-
cost, and easy acquirement (Wang et al., 2006, 2014a, 2014b; Wilson,
2005; Xia et al., 2010; Yang et al., 2014). Given the above dis-
advantages, it is of great significance to develop new redox materials
and a strategy for fabricating an ultrasensitive electrochemical im-
munosensor.

Zeolitic imidazolate framework-8 (ZIF-8), a new kind of MOF, ex-
hibit numerous advantages, including large surface areas, uniform pore
structure, high porosity, and low density, which can load and release
different substances (Cheng et al., 2016; Lyu et al., 2014; Zheng et al.,
2016). However, most MOFs are insulators, limiting the application of
ZIF-8 in biosensors. Furthermore, ZIF-8 shows chemical stability in
water but is immediately broken down in acidic solutions due to its pH-
sensitive properties, making it an appealing candidate for use in elec-
trochemical immunosensor.

Herein, a novel ZIF-8-HQ-BSA probe was synthesised by the self-
assembly of Zn2+, imidazolate, hydroquinone, and BSA. ZIF-8 can ab-
sorb hydroquinone and BSA through electrostatic interaction to prepare
a ZIF-8-HQ-BSA probe. The “off-on” strategy based on this probe can be
implemented in the immunosensor to amplify ΔI, which can effectively
reduce the background signal. Initially, the ZIF-8-HQ-BSA probe de-
monstrated a small current signal due to the poor conductivity of ZIF-8
and BSA. After treatment with HCl, the structure of ZIF-8 was broken,
releasing hydroquinone, which was then absorbed by the polyaniline
hydrogel substrate. Hydroquinone produced a strong signal at about
0.1 V (vs Ag/AgCl) and exhibited strong catalytic ability for H2O2 to
further enhance the signal. Based on the “off-on” strategy, the proposed
immunosensor presents excellent sensing performance to detect cyto-
keratins antigen 21-1 (CYFRA21-1) with a wide high sensitivity and
wide linear range.

2. Experimental

2.1. Materials

Carcino-embryonic antigen (CEA), alpha fetoprotein (AFP), prostate
specific antigen (PSA), and cytokeratins antigen 21-1 (CYFRA21-1)
were obtained from Shanghai Linc-Bio Science Company. Human im-
munoglobulin G (IgG) was obtained from Beijing Xinjingke
Biotechnology Company. Matrix metalloproteinase-7 (MMP-7) was
purchased from Shanghai Yi Sheng Biotechnology Co., Ltd (Shanghai,
China). HCl, glucose, uric acid (UA), and ascorbic acid (AA) were ob-
tained from Alfa Aesar (Tianjin, China). Hydroquinone, H2O2 (30%),
zinc nitrate, 2-methylimidazole, polishing powder, K3Fe(CN)6, K4Fe
(CN)6, NaH2PO4, Na2HPO4, KCl and ethanol were achieved from
Beijing Chemical Reagents Company (Beijing, China). Human serum
samples were achieved from Beijing Bainuowei Company (Beijing,
China). All other reagents were of analytical grade and used without
any further purification. All aqueous solutions were prepared with ul-
trapure water (resistivity > 18MΩ cm).

2.2. Apparatus

All apparatus were placed in Electronic Supplementary material.

2.3. Synthesis of ZIF-8-HQ-BSA

(a) Preparation of ZIF-8: ZIF-8 was synthesised according to previous

literatures with slight modifications (Cheng et al., 2016; Lyu et al.,
2014; Zheng et al., 2016). Two separate 50mL solutions were
prepared, one containing zinc nitrate hexahydrate in methanol
(0.7436 g, 50mM), and one with 2-methylimidazole in methanol
(0.2053 g, 50mM). The mixtures were kept at 35 °C for 24 h, and
the obtained white precipitates were centrifuged at 8000 rpm for
about 10min and then washed with methanol 5 times. Ultimately,
the composites were re-dispersed in 1.0mL ultrapure water.

(b) Preparation of ZIF-8-HQ-BSA: 1.0mL hydroquinone (0.011 g,
0.1M) was added into the ZIF-8 solution under stirring for 3 h and
absorbed into ZIF-8 by electrostatic interaction. Then, 1.0 mL BSA
(0.01 g, 1 wt%) was mixed in the above solution under stirring for
2 h. The obtained white precipitates were centrifuged and washed
by deionized water several times. Finally, the synthesised ZIF-8-HQ-
BSA was redistributed in 1.0 mL ultrapure water.

2.4. Preparation of the immunoprobe

The immunosensing probe was fabricated by immobilising labelled
anti-CYFRA21-1 onto ZIF-8-HQ-BSA nanocomposites. Subsequently, the
ZIF-8-HQ-BSA composite was added into a solution containing EDC
(50mM) and NHS (50mM), and the mixture was stirred for 12 h. Then,
1.0 mL labelled anti-CYFRA21-1 solution (1mgmL−1) was injected into
the above solution. After 4 h of reaction with stirring, the mixture was
centrifuged and re-dispersed into 1.0 mL PBS (pH=7.4).

2.5. Fabrication of the proposed amperometric immunosensor

Prior to the functionalization procedure, a glassy carbon electrode
(GCE) was polished with 0.05-μm alumina polishing powder, then
treated with ultrapure water and ethanol three times and dried at 37 °C.
The polyaniline (PANI) hydrogel film was successfully electrodeposited
on the GCE under a constant potential of 0.80 V for 400 s in an aqueous
solution containing aniline (0.5 M), phytic acid (0.15M), and KCl (1M).
After being washed several times, AuNPs were deposited on the PANI
film under a constant potential of −0.20 V for 30 s at a scan rate of
50mVs−1 in 0.50mM HAuCl4 solution (containing 1mM KCl). After
washing, 70 μL of 200 μgmL−1 capture antibodies (anti-CYFRA21-1)
were dropped on the PANI hydrogel/Au-modified GCE and incubated
for 12 h at 4 °C to anchor the antibody to the surface of electrode.
Subsequently, 20 μL BSA (1 wt%) was used to block the nonspecific
active sites. After washed with purified water, the modified electrode
was obtained and stored at 4 °C before use.

2.6. Electrochemical measurement

To carry out the detection process, the biosensor was first incubated
with a sequence of standard solutions of CYFRA21-1 with different
concentrations at 37 °C for 60min. The biosensor was then washed with
ultrapure water thoroughly. Next, 20 μL of the prepared ZIF-8-HQ-BSA-
Ab2 solution was dropped onto the electrode surface and incubated at
37 °C for 60min and washed thoroughly with ultrapure water. Finally, a
sandwich reaction was performed to detect CYRRA21-1. Square wave
voltammetry (SWV) was conducted in a phosphate buffered solution
with a 50mV s−1 sweeping rate, 2 s quiet time, voltage range from
−0.5–0.75 V, and 50ms pulse width.

3. Results and discussion

3.1. Principle of the “off-on” strategy-based amperometric immunosensor

The fabrication procedure and detection principle of the “off-on”
signal amplification strategy of the amperometric immunosensor are
demonstrated in Scheme 1. Polyaniline hydrogel with a large specific
surface and good conductivity was electrodeposited on the surface of
GCE, which can absorb hydroquinone contained in the ZIF-8-HQ-BSA
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probe. AuNPs, possessing good conductivity, were electrodeposited
onto the polyaniline hydrogel to immobilise the anti-CYFRA21-1. Using
ZIF-8-HQ-BSA nanocomposites as an immunoprobe, an “off-on”
strategy was applied in the immunosensor to amplify ΔI. Initially, the
ZIF-8-HQ-BSA probe showed little current signal due to the poor con-
ductivity of ZIF-8 and BSA. After treatment with HCl, the structure of
ZIF-8 was broken, and its contained hydroquinone was released and
absorbed by the substrate polyaniline hydrogel. Then, the hydro-
quinone produced a strong signal at about 0.1 V (vs Ag/AgCl) and ex-
hibited strong catalytic ability for H2O2 to further enhance the signal
(Fig. S1). Following this method, the immunosensor showed a wide
liner range and high sensitivity.

3.2. Characterisation of ZIF-8, ZIF-8-HQ, and ZIF-8-HQ-BSA

The morphologies and sizes of ZIF-8, ZIF-8-HQ, and ZIF-8-HQ-BSA
were characterised by TEM analysis (Fig. 1A–C). As shown in Fig. 1A,
the obtained nanocubes had smooth surfaces and were uniform, with an
average diameter of approximately 200 nm, which is consistent with
SEM picture. Similar to pure ZIF-8, the ZIF-8-HQ composite displayed
the same morphology with smooth surfaces (Fig. 1B), then after mod-
ification with BSA, the ZIF-8-HQ-BSA composite exhibited rough sur-
faces (Fig. 1C). Moreover, the X-ray diffraction (XRD) pattern of ZIF-8-
HQ and ZIF-8-HQ-BSA composite also agrees well with that of pure ZIF-
8, which indicates that the structure of ZIF-8 did not deteriorate during
assembly (Fig. 1D). In order to address the adsorption of hydroquinone
by ZIF-8, the process of ZIF-8 adsorbing hydroquinone was investigated
by UV–Vis and zeta potential measurements (Fig. 1E). While there was
no obvious absorption peak for the pure ZIF-8, an absorption peak at
252 nm appeared after the successful encapsulation of hydroquinone,
corresponding to the characteristic absorption peak of hydroquinone
solution. To confirm the adsorption process of hydroquinone by ZIF-8,
zeta potentials of ZIF-8 and hydroquinone were initially measured to be
20 and −12mV, respectively. After adsorption of hydroquinone, the
zeta potential of ZIF-8-HQ was 3mV, indicating that hydroquinone was
successfully adsorbed by ZIF-8 (Fig. 1F).

3.3. Proof tests of the “off-on” strategy

SEM, X-ray diffraction (XRD), SWV, and zeta potential were carried
out to investigate the “off-on” mechanism. The structure of ZIF-8 was
broken within ten seconds through the treatment of 0.1M HCl, and its
contained hydroquinone was released and absorbed by the substrate
polyaniline hydrogel. The SEM image of the anti-CYFRA21-1/AuNPs/
PANI hydrogel/GCE revealed a hierarchically porous and 3D network
structure (Fig. 2A). After immobilisation of the ZIF-8-HQ-BSA probe,

Scheme 1. Schematic illustration of the “off-on” signal amplification strategy
amperometric immunosensor.

Fig. 1. Characterisation of ZIF-8-HQ-BSA nanocomposites. TEM images of ZIF-8 particles (A), ZIF-8-HQ particles (B), ZIF-8-HQ-BSA nanocomposites (C); XRD curves
of ZIF-8-HQ-BSA assembly (D): pure ZIF-8, ZIF-8-HQ particles, ZIF-8-HQ-BSA nanocomposites; UV–Vis spectra of ZIF-8-HQ assembly (E): pure ZIF-8, hydroquinone,
ZIF-8-HQ. Zeta potential measurements of ZIF-8-HQ assembly (F): pure ZIF-8, hydroquinone, ZIF-8-HQ.
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cubic nanoparticles can be clearly seen (Fig. 2B), which indicates that
the ZIF-8-HQ-BSA probe was successfully attached on the proposed
immunosensor. The cubic nanoparticles disappeared after the HCL
treatment, indicating that the structure of ZIF-8 was broken (Fig. 2C).
The XRD patterns of the ZIF-8-HQ-BSA composite treated with and
without HCl were different, which reveals that the structure of ZIF-8
was changed by HCL (Fig. 2D). Meanwhile, a significant signal increase
was observed for the immunosensor treated with HCl (Fig. 2E). Zeta
potentials of ZIF-8-HQ-BSA before and after HCL treatment were 3 and
−17mV (Fig. 2F), respectively, further confirming that the ZIF-8
structure was deteriorated by HCL. In addition, the catalytic ability of
PANI-hydrogel-hydroquinone towards H2O2 was investigated by am-
perometric i-t at −0.2 V (vs Ag/AgCl) in 40mL PBS. A high current
response was obtained, indicating that hydroquinone can be oxidised
by H2O2 to enhance the current signal (Fig. S1A). Also, the signal in-
creased significantly when the immunosensor was treated with H2O2

(Fig. S1B), which suggests that hydroquinone exhibits excellent H2O2

catalytic ability.

3.4. Construction procedures of the modified electrodes

The stepwise modification process of the electrodes was determined
using square wave voltammetry (SWV) (Fig. 3A) and electrochemical
impedance spectroscopy (EIS) (Fig. 3B) in 5mM [Fe(CN)6]3-/4-. In
Fig. 3A, the current response of the PANI hydrogel-modified GCE (curve
b) was higher than that of bare GCE (curve a), which is attributed to the
good conductivity and large specific surface area of the hydrogel. When
AuNPs were electrodeposited onto the surface of the hydrogel, the
current response further increased (curve c), due to the following
causes: (1) after AuNPs were electrodeposited onto the modified GCE,
the effective surface area increased 5.37%, which can accelerate the ion
transmission (Fig. S2) (the effective surface areas of the modified GCE
before and after electrode-deposition of AuNPs were measured and
were 23.32 and 22.13mm2, respectively); (2) after electro-deposition of
AuNPs, the capacitance increased 6.18% (the capacitance of the mod-
ified GCE before and after electrode-deposition of AuNPs was measured
and was 114.12 and 121.17 μF, respectively). Thus, after AuNPs were

electrodeposited onto the surface of the hydrogel, the capacitive current
has increased (Fig. S3); (3) AuNPs possessed good conductivity, which
can accelerate the electron transfer (Fig. S4). In contrast, the loading of
anti-CYFRA21-1 led to an obvious decrease in the peak current (curve
d), owing to the formation of an electron-blocking layer. Subsequently,
it was found that the current response also decreased after the im-
munosensor was blocked with BSA (curve e) and incubated in a solution
of CYFRA21-1 (curve f). The current decrease can be attributed to the
insulating layers of BSA and CYFRA21-1 proteins on the electrode,
which retarded electron transfer. Finally, after immobilisation of the
ZIF-8-HQ-BSA-Ab2 immunoprobe, the current signal almost vanished
(curve g).

Fig. 3B shows that the Nyquist diagrams of the sensing electrode
changed gradually with the stepwise modification process. The Nyquist
plots of EIS consist of two portions: the linear part and the semicircle
part. The linear portion at low frequencies represents the diffusion-
limited process, while the semicircle diameter at higher frequencies
corresponds to the electron-transfer resistance. After the GCE was
modified with the hydrogel (curve b), the diameter of the semicircle
was much smaller than that of the bare GCE (curve a), revealing that
the hydrogel film possesses excellent conductivity. When AuNPs were
electrodeposited onto the surface of the hydrogel, the resistance re-
sponse increased (curve c). Following the stepwise immobilisation of
anti-CYFRA21-1, BSA, CYFRA21-1, and ZIF-8-HQ-BSA-Ab2, the re-
sistance increased gradually (curves d–g), since the nonconductive
layer of proteins hindered electron transfer on the interface. Thus, the
tendency of electron-transfer resistance in EIS plots to vary verifies the
results of the SWV plots in the same modification process. Table S1
shows the specific values of SWV and EIS for the stepwise fabrication
process of the immunosensor.

3.5. Optimisation of the detection conditions

To achieve the best analytical performance of the proposed im-
munosensor, the HQ concentration for the fabrication of ZIF-8-HQ-BSA,
H2O2 concentration for signal amplification, incubation time, and pH
were optimised by incubating with 1 ngmL−1 CYFRA21-1 and

Fig. 2. Proof tests of the “off-on” strategy. SEM micrographs of anti-CYFRA21-1/AuNPs/PANI hydrogel/GCE (A), ZIF-8-HQ-BSA-Ab2-CYFRA21-1- anti-CYFRA21-1/
AuNPs/PANI hydrogel/GCE treated without (B) and with (C) hydrochloric Acid; XRD curves of ZIF-8-HQ-BSA before and after treated with hydrochloric acid (D);
Amperometric curves of the immunosensor before and after treated with hydrochloric acid (E); Zeta potential measurements of ZIF-8-HQ-BSA before and after treated
with hydrochloric acid (F).
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monitoring the currents with SWV. As shown in Fig. S5A, 0.1 M hy-
droquinone was chosen as the optimal condition for subsequent ex-
periments. Fig. S5B shows that the peak current increased over time and
reached a steady value at 5mM H2O2, so this concentration was
adopted for signal amplification. The peak current increased as the
incubation time increased and then remained constant after 60 min.
Thus, 60min was used as the optimal incubation time for the im-
munoassay (Fig. S5C). Fig. S5D shows that the peak current increased at
pH less than 7.5 and decreased at pH greater than 7.5; therefore, pH 7.5
was used in the following experiments.

3.6. Analytical performance and reliability of the immunosensor

The analytical performance of this immunosensor was tested by
SWV. In this experiment, 5 mM H2O2 was added to the electrolyte for
signal amplification. The current response of the immunosensor in-
creased with the increasing concentration of CYFRA21-1 (Fig. 4A). The
immunosensor displayed good linear relation ranging from 0.1 pgmL−1

to 100 ngmL−1 with a low detection limit of 0.65 pgmL−1 (S/N=3)
(Fig. 4B). To investigate the reliability and accuracy of the above linear
relationship, 14 serum samples containing CYFRA21-1 were analysed,
and the obtained results were compared with electro-
chemiluminescence immunoassay (ECLI) tests (Table 1). Table 1
showed that the relative standard error was less than 10%, indicating
good reliability of the immunosensor. To further verify the accuracy of
the proposed biosensor in clinical application, 8 clinical serum samples

containing CYFRA21-1 were analysed. The obtained results were
compared with the standard addition method tests, and the relative
standard error was determined to be less than 10%, indicating good
reliability of the biosensor (Table S2).

Fig. 3. SWV (A) and EIS (B) of different modified electrodes in 0.01M phosphate buffered solution containing 5.0 mM [Fe(CN)6]4-/3- and 0.1M KCl: bare GCE (curve
a), PANI hydrogel/GCE (curve b), AuNPs/PANI hydrogel /GCE (curve c), anti-CYFRA21-1/AuNPs/PANI hydrogel/GCE (curve d), the modified electrode was blocked
with BSA (curve e)，CYFRA21-1-anti-CYFRA21-1/AuNPs/PANI hydrogel/GCE (curve f), ZIF-8-HQ-BSA-Ab2-CYFRA21-1- anti-CYFRA21-1/AuNPs/PANI hydrogel/
GCE (curve g).

Fig. 4. SWV responses of electrochemical immunoassay in 0.01M phosphate buffered solution, curves a–i correspond to CUFRA21-1 at the concentrations from
0.1 pgmL−1 to 100 ngmL−1 (A). The calibration plot between the SWV peak current and the logarithm values of MMP-2 concentrations (n= 3) (B).

Table 1
Assay results of clinical serum samples using the proposed immunosensor and
ECLI.

Sample Proposed immunosensor
(ngmL−1)

ECLI (ngmL−1) Relative error
(%)

1 2.32 2.14 8.41
2 1.52 1.42 7.04
3 2.00 1.83 9.29
4 1.41 1.32 6.82
5 0.70 0.75 −6.66
6 1.13 1.06 6.60
7 2.24 2.15 4.19
8 1.52 1.40 8.57
9 0.50 0.47 6.38
10 0.62 0.58 6.90
11 1.50 1.60 −6.25
12 2.20 2.25 −2.22
13 1.29 1.38 −6.52
14 0.57 0.63 −9.52
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3.7. Evaluation of selectivity, reproducibility, and stability of the
immunosensor

To test the selectivity of this immunoassay, a mixture of UA, AA,
CEA, AFP, PSA, and MMP-7 were used as the analyte instead of
CYFRA21-1. Compared to the blank test (no target molecule) under the
same testing conditions, no obvious change in the current was observed
when the immunosensor was incubated with UA (1 ngmL−1), AA
(1 ngmL−1), CEA (1 ngmL−1), AFP (1 1 ngmL−1), PSA (1 ngmL−1),
and MMP-7 (1 ngmL−1). When CYFRA21-1 existed with the inter-
ferences, the electrochemical responses of samples containing
CYFRA21-1 were almost the same regardless of the presence or absence
of interferences (Fig. S6). All of these results indicate that the proposed
immunosensor has good specificity for CYFRA21-1. To test the re-
producibility of the immunosensor, three electrodes were prepared for
the detection of 0.5 ngmL−1 CYFRA21-1. The relative standard error of
the three electrodes was about 8%, suggesting good reproducibility of
the proposed immunosensor. Furthermore, the immunosensor was
stored at 4 °C for about 4 weeks to examine the stability, after which its
electrochemical property was measured. The change in current re-
sponse was less than 10%, revealing good stability of the immunoassay.
Compared with previous reports, our proposed biosensor with the im-
pedance-enhancer exhibits a wider detection range and higher sensi-
tivity (Table S3).

4. Conclusion

In summary, a novel ZIF-8-HQ-BSA immunosensor probe was syn-
thesised for the ultrasensitive detection of CYFRA21-1. By taking ad-
vantage of the components of the probe, an “off-on” strategy was ap-
plied in the immunosensor to amplify sensitivity. The immunosensing
platform implementing this strategy exhibited a wide liner range and
high sensitivity. This proposed method was further used to analyse
CYFRA21-1 in human serum and demonstrated good consistency with
an electrochemiluminescence immunoassay. To further improve this
biosensor for practical application, the stepwise modification process
on the electrode and detection process can be simplified. By conducting
the modification process in a kit or tube, the analytical process can
occur more effectively on the electrode to achieve better detection re-
sults. Overall, this proposed electrochemical immunosensor offers an
advancement for further research on immunosensors for biomarker
detection and their future industrial application.
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