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Ö Z

Bu çalışmada, anti-CDH 22 antikoru ve CDH 22 antijeni arasındaki spesifik immüno-reaksiyona dayanan, kadherin benzeri 
protein (CDH 22) biyobelirtecinin tespiti için yeni bir elektrokimyasal etiketsiz immünosensör üretilmiştir. Geliştirilen 

immünosensör, anti-CDH 22 antikorlarının 3-siyanopropiltrimetoksisilan (CPTMS) ile modifiye edilmiş ITO substratı üzerinde 
immobilizasyonu ile oluşturulmuştur. Anti-CDH 22 antikorlarının CPTMS silanizasyon ajanına etkili bağlanması, morfolojik 
karakterizasyon (Taramalı Elektron Mikroskobu (SEM), Atomik Kuvvet Mikroskobu (AFM)) ve elektrokimyasal karakterizas-
yon (Elektrokimyasal İmpedans Spektroskopisi (EIS), Siklik Voltammetri (CV) kullanılarak incelendi. Optimum deney koşulları 
altında, ITO / CPTMS ile modifiye edilmiş elektrot, anti-CDH 22 antikor bağlanması için iyi bir bağlayıcıydır. Ek olarak, CPTMS 
modifiye elektrot CDH 22 antijen tespiti için etkili bir yüzey sunmuştur. İmmünosensör, geniş bir lineer tespit aralığı (0.03-3 
pg/mL) ile düşük tespit limiti (9 fg/mL) ile sahipti. Ayrıca, iyi tekrarlanabilirlik, mükemmel tekrarlanabilirlik ve uzun depola-
ma kararlılığına sahipti. Ek olarak, önerilen immünosensörün pratik uygulanabilirliği, insan serum numuneleri kullanılarak 
araştırıldı. İnsan serum numuneleri geri kazanım sonuçları (% 99.16 -% 101.94) önerilen biyosensörün doğruluğunu göster-
mektedir. Sonuç olarak, CPTMS, biyosensör yapımı için umut verici bir platform olabilir ve bu önerilen immünosensör gerçek 
insan serum analizi için uygulanabilir.

Anahtar Kelimeler 
Kadherin benzeri protein, elektrokimyasal impedans spektroskopisi, tek kullanımlık elektrot.

A B S T R A C T

In this work, a novel electrochemical label free immunosensor was fabricated for Cadherin-like protein 22 (CDH 22) bio-
marker detection based on specific immunoreaction between anti-CDH 22 antibody and CDH 22 antigen. The developed 

immunosensor was constructed through the immobilization of anti-CDH 22 antibodies on 3-cyanopropyltrimethoxysila-
ne (CPTMS) modified ITO substrate. The effective binding of the anti-CDH 22 antibodies on the CPTMS silanization agent 
was investigated by using morphological characterization (Scanning Electron Microscopy (SEM), Atomic Force Microscopy 
(AFM)) and electrochemical characterization (Electrochemical Impedance Spectroscopy (EIS), Cyclic Voltammetry (CV)). 
Under optimum experimental conditions, the ITO/CPTMS modified electrode was a good linker for anti-CDH 22 antibody 
anchoring. In addition, CPTMS modified electrode offered an efficient surface to CDH 22 antigen detection. The immuno-
sensor had a wide linear detection range (0.03-3 pg/mL) with low detection limit (9 fg/mL). Also, it had good reproducibility, 
excellent repeatability and long storage stability. In addition, the practical applicability of the proposed immunosensor was 
investigated by utilizing human serum samples. The human serum samples recovery results (99.16% - 101.94%) illustrated 
the accuracy of the suggested biosensor. Consequently, CPTMS can be a promising platform for biosensor construction and 
this suggested immunosensor can be applicable for real human serum analysis.
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INTRODUCTION

Cancer threatens the human health and in the diag-
nosis of cancer, immunohistochemistry and floures-

cence methods are usually utilized [1, 2]. These methods 
require a lot of steps for cancer diagnosis and therefore, 
the analysis duration of these methods is long [3]. Bio-
sensors are new devices for detection of biomolecules 
and specific biorecognition feature makes them reliable 
and rapid tools for medical applications. In biosensor 
designing different detection strategies have been uti-
lized [4]. Electrochemical detection is mostly preferred 
due to high specificity and sensitivity. Biomarkers are 
biomolecules, which are found in human fluids and uti-
lized for early detection of cancer. A lot of studies have 
been performed for biomarker detection by utilizing 
biosensors [4, 5].

Cadherin-like protein 22 (CDH22) is a transmembrane 
glycoprotein. It is known as PB-cadherin and belongs 
to cadherin superfamily [6]. It has role in cell-cell ad-
hesion and metastasis. CDH22 hypermethylation is an 
independent prognostic biomarker in breast cancer 
[7, 8]. It is produced in the pituitary gland and brain. It 
helps to form tissue in neural and nonneural cells [6]. 
Over-expression of CDH22 results in colorectal cancer 
[6-8], breast cancer [7] and metastatic melanoma [8]. In 
addition, Cadherin-22 is a prognostic marker in advan-
ced cancer stages and a potential factor in cancer me-
tastasis or spread. The hindering of CDH 22 biomarker 
decreases the adhesion and invasion rate of breast and 
brain cancer cells. Because of this, it has gained inte-
rest in diagnosis of breast cancer [9]. The detection of 
CDH22 biomarker is often carried out by utilizing ELISA 
kit. The linear range and detection limit of the ELISA kit 
are 15.6-500 ng/mL and 2 ng/mL, respectively [9].

Indium tin oxide (ITO) is an excellent transparent se-
mi-conductive substrate in different applications such 
as photovoltaic cell, optoelectronic devices and sen-
sors. In sensor applications, it is utilized as a transducer 
owing to its unique optical transparency, broad working 
potential, stable electrochemical and physical features 
[10, 11]. The selection of electrode for electrochemical 
immunosensing is important to develop sensitive im-
munosensor. Therefore, ITO is a favorable electrode 
material and has been employed as a working electrode 
in electrochemical sensors and biosensors. The effecti-
ve anchoring of the biomolecules on the ITO substra-
te surface is a significant point to develop a successful 

biosensor. Therefore, several modification strategies 
such as physical adsorption [12], electrophoretic de-
position [13-15], electrochemical deposition [16, 17], 
silanization [18, 19], self-assembled monolayer forma-
tion [20] and electro-polymerization [21-23] have been 
employed to develop ITO based biosensor. ITO subs-
trates have been modified with different silane agents 
such as 3-isocyanatopropyl triethoxysilane (IPTES) [24], 
3-aminopropyltriethoxy silane (APTES) [25-27],  11-cya-
noundecyltrimethoxysilane (11-CUTMS) [28], (3-glyci-
doxypropyl)trimethoxysilane [29], N-(2-aminoethyl)-3-
aminopropyltrimethoxysilane [18], 3-mercaptopropyl 
trimethoxysilane (3-MPTMS) [30], 3-glycidoxy propy-
ldimethoxysilane [19], 11-(triethoxysilyl)undecanal 
(TESU) [31], carboxyethylsilanetriol (CTES) [32]. Silane 
agents form layers with terminal amino, epoxy or chlo-
ro groups. These groups are utilized for immobilization 
of biorecognition molecules. The basic principle of this 
technique is based on self-assembled monolayer (SAM) 
construction on the ITO substrate with hydroxyl ends. 
In this modification method, siloxane bonds are for-
med between hyroxylated ITO sheet surface and sila-
ne agent. Silane based SAMs provide a stable, reusable, 
reproducible and well-controlled surfaces for biomo-
lecule attaching. In addition, the preparation of these 
layer is simple, and this layer prevents possible dena-
turation and non-specific adsorption. Cyanopropylsilo-
xanes are organosilane molecules and they have both 
polar and polarizable properties. Moreover, they have 
low surface tension, thus, they increase good surface 
wetting and the adhesion between dissimilar materials. 
They form interactions between the monolayer and 
the substrate which are used as binding platforms. The 
CPTMS silane agent includes a head group, an alkyl cha-
in and an end group. The head group, trimethoxy- provi-
des the attaching of the silane agent onto the platform. 
The alkyl chain increases the stability of the single layer 
owing to van der Waals interactions. The terminal group 
provides chemical groups to bind biomolecules [33, 34].
 
Electrochemical impedance spectroscopy (EIS) is a sen-
sitive and an old electrochemical method utilized in bi-
osensor characterization. It has gained interest due to 
informative features. This method is often employed 
to investigate the variations formed on the electrode 
surface due to antibody-antigen immune-interaction, 
probe DNA-target DNA interactions or enzyme-subs-
trate reactions. The changes in electrode-electrolyte 
interface give information about the biosensing system. 
Additionally, impedance analyses are utilized in several 
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electrochemical applications such as analysis of elect-
rochemical kinetics of electrodes, batteries and sen-
sors/biosensors [35-37]. It is also a successful way to 
characterize of modifications formed on the electrodes. 
By using this way, the detection of some analytes from 
small ions to large proteins is possible [38, 39]. Because 
of this, this method has been utilized for several analy-
tes detection. In the impedance analysis, the biosensing 
system includes three electrodes; a working electrode 
(modified to investigate the target analyte), a counter 
electrode (for applying the electric current) and a refe-
rence electrode (for providing a reference value) [40]. 
This measurement way is sensitive and simple compa-
red to other redox labelled electrochemical methods 
such as cyclic voltammetry (CV), differential pulse vol-
tammetry (DPV) and square wave voltammetry (SWV) 
[41]. Electrochemically inert molecules can be measu-
red by using EIS technique, during the analysis is carried 
out in the presence of redox couple (ferricyanide/fer-
rocyanide). In this technique, the oxidation and reduc-
tion reactions are formed at the electrode surface [42].

The goal of this work was a specific, sensitive and rep-
roducible ITO based biosensor development for deter-
mination of CDH 22 cancer marker. In the first step of 
the immunosensor fabrication, ITO sheet modified with 
CPTMS to form immobilization points for anti-CDH  22 
antibodies. CPTMS was used for a self-assembled mo-
nolayer formation and it served as a link between ITO 
sheet and the biomolecule (anti-CDH 22 antibody). 
The variations formed on the immunosensor surface 
were investigated via cyclic voltammetry (CV) and EIS 
methods. The optimal experimental parameters were 
determined by performing a lot of experiments. The 
immunosensor analytical characterizations were per-
formed under optimum experimental conditions. The 
repeatability, reproducibility and storage stability of 
the proposed immunosensor were also analyzed and 
discussed. This fabricated biosensor had a wide linear 
detection range (0.03-3 pg/mL) and low LOD (9 fg/mL). 
In addition, the practical applicability of the proposed 
immunosensor was investigated by utilizing human 
serum samples. The human serum samples results il-
lustrated the accuracy of the suggested biosensor. The 
EIS responses indicated that CDH 22 antigens could be 
detected simply and sensitively by this new biosensor. 
Moreover, the immunosensor responses demonstrated 
that the fabricated biosensor could be employed to de-
tect CDH 22 antigen in human serum samples.

MATERIALS and METHODS

Reagents
ITO coated Polyethylene Terephthalate (PET) films (re-
sistance and thickness are 60 Ω/square and 150 nm), 
3-cyanopropyltrimethoxysilane (CPTMS), toluene, Mo-
noclonal anti-CDH 22 antibody, CDH 22 antigen and BSA 
were supplied by Sigma-Aldrich. Dilutions of anti-CDH 
22 antibodies and CDH 22 antigens were prepared with 
PBS buffer (pH 7.4, 50 mM) before use. Ferri-ferro so-
lution was utilized as a redox couple and prepared by 
utilizing 5 mM K4[Fe(CN)6]/K3[Fe(CN)6].

Apparatus
Electrochemical analyses were recorded with Gamry 
1000 Potentiostat/Galvanostat. Disposable ITO sheet 
(2*20 mm), Ag/AgCl electrode, and platinum wire were 
utilized as working, reference and counter electrode, 
respectively. Two different electrochemical methods 
were employed: EIS and CV. All the analyses were car-
ried out at room conditions using a 5 mM redox couple 
solution of K3Fe(CN)6/K4Fe(CN)6. In the EIS experiments 
the frequency range was from 0.05 to 50 KHz. The 
working conditions for CV analyses were as follows; 
scan rate: 100 mVs-1 and step size 10 mV. The surface 
topography during biosensor fabrication steps was in-
vestigated by using FEI-Quanta FEG 250 Model SEM 
microscope at an operating voltage 5 kV. AFM images 
were recorded utilizing a NanoMagnetics Instruments-
AFM Plus Model. All AFM images were taken in tapping 
mode with a tapping silicon tip and the tip radius was 
<10 nm. In order to follow the side groups formed on 
the ITO electrode, FTIR (Bruker Vertex 70 ATR Model) 
and Raman Spectroscopy (Thermo DXR Raman spect-
rometer equipped with a 780-nm excitation laser) was 
employed.

Modification of ITO Electrodes for CDH 22 Antigen 
Detection
Before the modification of ITO electrodes, they were 
cleaned in ultrasonic bath with ethanol, soap solution 
and ultrapure water, respectively. After cleaning, they 
were immersed in a mix solution of H2O2/NH4OH/H2O 
(1:1:5) for 90 min at room conditions to form hydroxyl 
end on the ITO electrode surfaces. Then, they were 
washed with ultrapure water and were dried under 
argon gas. The silanization of ITO sheets were perfor-
med by immersing in 0.5% CPTMS solution (prepared 
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by using touene) for overnight. After CPTMS layer for-
mation on the ITO sheets, they were washed with tolu-
ene and ultrapure water to eliminate the nonattached 
silane molecules and dried under argon gas. Afterwards, 
anti-CDH 22 antibody immobilization was performed 
by incubation in anti-CDH 22 antibody solution (2 ng/
mL). The nonattached antibody molecules removed by 
washing ultrapure water. Finally, the remaining cyano 
groups of CPTMS were blocked by utilizing BSA protein. 
After these steps, ITO electrodes could be used for CDH 
22 antigen detection.

Human Serum Sample Measurements
Human serum samples were supplied by the Tekirdağ 
Namık Kemal University Faculty of Medicine. CDH 22 
antigen measurements were performed after a 100000 
fold dilution with phosphate buffer (50 mM, pH 7.4). 
The success of the suggested biosensor was investiga-
ted by addition of CDH 22 antigen to the diluted human 
serum samples.

RESULTS and DISCUSSION

Chemical Characterization of the Immunosensor
In this work, the FTIR and Raman Spectrometers were 
utilized to investigate the chemical bonds between cya-
no groups of CPTMS present on the ITO substrate and 
amino ends of anti-CDH 22 antibodies. The FTIR spectra 
of CPTMS functionalized ITO substrate and anti-CDH 22 
antibody attached ITO substrate are displayed in Figure 
1A and Figure 1B, respectively.

The FTIR spectra of CPTMS functionalized ITO substrate 
(Figure 1A) showed the characteristic absorption peak 
at 2246 cm−1 (–C≡N), that proved the CPTMS SAMs were 
formed completely [43-45]. As seen Figure 1B, the FTIR 
spectrum illustrated that the amino ends were intro-
duced on the CPTMS functionalized ITO substrate. The 
peak at 1655 cm−1 and 1548 cm−1 in the FTIR spectrum 
of anti-CDH 22 antibody immobilized disposable ITO 
substrate proved that amino ends were present on the 
working electrode [28].  In addition to FTIR analysis, Ra-

Figure 1. FTIR spectra and Raman spectra of CPTMS functionalized ITO substrate (A and C) and after anti-CDH 22 anchoring on the 
working electrode (B and D), Nyquist plots (E) and CVs (F) of the CDH 22 biosensor of the immune-electrode construction stage; Randle’s 
equivalent circuit (inset).
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man spectrometer was utilized for the chemical charac-
terization. Raman spectroscopy is a useful technique 
to investigate of chemical binding of proteins, nucleic 
acids, large molecules. In the FTIR spectra of proteins 
and nucleic acids are complicated and many bands are 
overlapped. The Raman spectra of CPTMS functionali-
zed ITO substrate and anti-CDH 22 antibody attached 
ITO substrate are displayed in Figure 1C and Figure 1D, 
respectively. As seen in Figure 1C, the cyano group of 
CPTMS was observed at 2242 cm-1. Amide I, II and III 
regions are usually observed between 1650-1680 
cm-1, 1480-1570 cm-1 and 1235-1300 cm-1, respectively. 
As shown in Figure 1D, amide I, amide II and amide III 
bonds were observed at 1662, 1540 and 1329 cm-1, res-
pectively.

Electrochemical Characterization of the Fabrication 
Procedure
The CDH 22 immunosensor fabrication stages are illust-
rated in Scheme 1. ITO electrode surface was hydroxy-

lated by H2O2/NH4OH/H2O solution and CPTMS linked to 
hydroxyl ends on the ITO electrode surface via siloxane 
bonds. In this way, a biomolecule immobilization matrix 
was formed on the disposable ITO sheet. CPTMS provi-
ded free cyano ends on the ITO sheet surface allowing 
the covalent binding of NH2 groups of anti-CDH 22 an-
tibodies. After antibodies binding on the modified ITO 
electrode, the free cyano groups blocked by BSA. After 
that, the immunosensor was utilized for CDH 22 antigen 
detection.

The modification steps of the CDH 22 biosensor was 
investigated by EIS and CV analyses. EIS is a powerful 
method for investigation of the electrode interface pro-
perties. [Fe(CN)6

3-/4-] was a redox active couple and utili-
zed for monitoring electrochemical features of the pro-
posed immunosensor [43]. Figure 1E shows the Nyquist 
plots after modification steps. Nyquist plots of the mo-
dified ITO electrodes contain a semicircle portion and 
a linear portion. A semicircle part and a linear part are 

Scheme  1. Schematic illustration of biosensor fabrication steps and electrochemical detection of CDH 22 antigen.
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obtained at higher frequencies and at lower frequenci-
es, respectively. The semicircle part and the linear part 
are related to electron transfer and diffusion processes, 
respectively. The semicircle diameter is responsible for 
the electron transfer resistance (Rct). The variations in 
Rct value is associated with the blocking effect of the 
step-by-step fabrication process of the immmunosen-
sor. The impedance responses are fitted to the Randle’s 
equivalent circuit. It contains the ohmic resistance of 
the electrolyte solution (Rs), constant phase element 
(CPE), Warburg impedance (Zw) and charge transfer re-
sistance (Rct) (Figure 1E inset). Under ideal conditions, 
Zw and Rs illustrate the properties of the electrolyte 
solution and diffusion of the redox couple, therefore 
to they are not affected from electrode modification 
steps. Additionally, CPE and Rct display the dielectric 
and insulating features at the electrode/electrolyte in-
terface and the variations occurred on the electrode 
surfaces affects them [44, 45].

Electrochemical characterizations with CV and EIS met-
hods are useful to evaluate the electrochemical process 
on the modified surfaces. The CVs and EIS spectra were 
shown in Figure 1 to illustrate the electrochemical be-
havior of the ITO surface during the immunosensor fab-
rication. As shown in Figure 1E, ITO/CPTMS electrode 
had small semicircle diameter that indicated easy elect-
ron transfer between electrode surface and electroly-
te solution. After anti-CDH 22 antibody immobilization 
on the CPTMS modified ITO substrate, an increase was 
seen in semicircle diameter. The immobilization of an-
tibodies caused a layer formation on the ITO substrate 
surface. Thus, the electron transfer rate was decreased. 
In the BSA blockage step, electron transfer was obstruc-
ted, and an increase was seen in semicircle diameter. 
The specific immuno-reaction between anti-CDH 22 an-
tibody and CDH 22 antigen formed a immunocomplex 
and a large semicircle diameter was seen. Compared 

Figure 2. SEM and AFM images of bare ITO (A and B), ITO/OH (C and D), ITO/CPTMS (E, and F), ITO/CPTMS/anti-CDH 22 (G and H), ITO/
CPTMS/anti-CDH 22/BSA (I and J), ITO/CPTMS/anti-CDH 22/BSA/CDH 22 (K and L).
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to hydroxylated ITO surface, the CPTMS modified ITO 
electrode surface had lower peak currents (Figure 1F). 
This result confirmed the CPTMS SAMs on the ITO subs-
trate surface. After anti-CDH22 antibody, BSA and CDH 
22 antigen immobilization, peak currents were dec-
reased due to nonconductive layers formation on the 
electrode surface. These layers prevented the electron 
transfer between ITO electrode surface and electrolyte 
solution. In other words, these layers illustrated hind-
rance effects to electron transfer.

Morphological Characterization of the Fabrication 
Steps 
The morphological characterization of the proposed 
immunosensor was performed AFM and SEM imaging. 
Figure 2 illustrates images of the proposed immunosen-
sor surfaces during the fabrication. After cleaning of ITO 
sheet, a smooth surface was obtained (Figure 2A and 
Figure 2B). In this step, the average roughness (Ra) was 
measured as 1.7 nm on a 5×5 µm scale. The hydroxyla-
tion of clean ITO sheet increased the roughness of ITO 
surface (Figure 2D). As seen in figure 2C, this process 
changed the electrode surface. After hydroxylation, the 
average roughness (Ra) was measured as 3.5 nm on 

a 5×5 µm scale. As mentioned above, Self-assembled 
monolayer formation technique was utilized for biore-
cognition molecule immobilization. In this study, CPTMS 
was used as linker for anti-CDH 22 antibody anchoring, 
The SEM and AFM images illustrated that a uniform 
CPTMS SAMs formation on the ITO electrode in Figure 
2E and Figure 2F, respectively. The average roughness 
(Ra) was measured as 22.8 nm on a 5×5 µm scale. The 
variations on the ITO substrate surface after anti-CDH 
22 antibody attaching are displayed in Figure 2G and Fi-
gure 2H. It can be clearly seen that the anti-CDH 22 an-
tibodies were linked on the substrate and they looked 
like granules. In this step, the Ra value was measured 
as 88 nm on a 5×5 µm scale. At the BSA blockage step, 
the surface morphology of the ITO substrate was chan-
ged as observed in Figure 2I and Figure 2J. After BSA 
immobilization, the Ra value was measured as 21 nm on 
5×5 µm scale. Figure 2K and Figure 2L display the SEM 
and AFM images of specific immuno-reaction between 
anti-CDH 22 antibodies and CDH 22 antigens. As seen in 
SEM image (Figure 2K), the surface was changed and it 
was in accord with AFM observation. The Ra value was 
measured as 126 nm on 5×5 µm scale (Figure 2L).  

Figure 3. Optimization results (A) CPTMS quantity, (B) anti- CDH 22 antibody level, (C) anti-CDH 22 antibody incubation duration, (D) 
CDH 22 antigen incubation duration.
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Optimization of Experimental Conditions
In order to determine optimal experimental conditi-
ons, a variety of experiments were performed. The 
optimization of these parameters provided a sensitive 
and stable biosensor fabrication. In this work, CPTMS 
concentration, anti-CDH 22 antibody level, anti-CDH 22 
antibody incubation duration and CDH 22 antigen incu-
bation duration were optimized. These analyses were 
performed at room conditions and these parameters 
were followed by EIS and CV.

In the first stage of the experimental conditions optimi-
zation, the utilized CPTMS concentration was optimized. 
This stage had a significant role in the binding of adequ-
ate amount of anti-CDH 22 antibodies. Because of this, 
three different amounts (0.1%; 0.5%; 1% w/w) were 
studied. Silane ends of CPTMS bound to hydroxyl gro-
up of hydroxylated ITO electrode. The low CPTMS level 
caused low immunosensor response because, a stable 
SAMs was not formed. The high CPTMS levels (0.5% and 
1%) caused similar immunosensor signals. The highest 
signal was achieved after utilizing 0.5% concentration of 
CPTMS. The responses of the immunosensors that ob-
tained after usage of these levels were utilized to drawn 

of the linear curves. These linear curves are illustrated 
in Figure 3A. Then, anti-CDH 22 antibody level was op-
timized. This stage had a significant role in analytical 
performance of the proposed immunosensor. In order 
to select optimal anti-CDH 22 antibody level, 1.5 ng/mL, 
3 ng/mL and 6 ng/mL anti-CDH 22 antibody concentra-
tions were tried. The highest ΔRct value was found at 
3 ng/mL anti-CDH 22 concentration. Because of this, 3 
ng/mL anti-CDH 22 level was selected optimal antibody 
level. The calibration plots of these levels are displayed 
in Figure 3B. To determine the optimal CDH 22 anti-
body incubation time, CPTMS functionalized ITO sheets 
incubated in anti-CDH 22 antibody solution for 30, 45 
and 60 min. The highest response was found after 60 
min incubation, but the response at 45 min incubation 
time was nearly same. Therefore, 45 min was selected 
as the optimal incubation time for antibody anchoring. 
The short preparation period of the immunoelectrode 
provides a short fabrication process of the proposed 
immunosensor. The calibration plots of the different 
incubation times are displayed in Figure 3C. Lastly, the 
immunoreaction period between anti-CDH22 antibody 
and CDH 22 antigen was optimized. At this step, the 
prepared immunoelectvrodes were immersed in CDH 

Figure 4. EIS (A) and CV (B) results of the biosensor for the determination of  CDH 22 biomarker (from 0.03 to 3 pg/mL), calibration plot 
(inset). Reproducibility (C), Storage stability (D) of the biosensor.
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22 antigen solution for three different times (30 min, 45 
min, 60 min). The maximum immunosensor response 
was obtained after 60 min incubation. The other signals 
were nearly same and low. Because of this, 60 min was 
optimum incubation time (Figure 3D).

Electrochemical Detection of CDH 22 Antigen
Electrochemical detection of CDH 22 antigen was achi-
eved by CV and EIS analyses in the presence of redox 
system. Figure 4 illustrates the EIS and CV responses of 
the immunosensor at the increasing concentration of 
CDH 22 antigens. The increasing concentration of CDH 
22 antigens caused gradual increases in impedance res-
ponses (Figure 4A) and gradual decreases in CVs (Figure 
4B). Also, these responses showed that these antigens 
formed a blocking wall, and lead to higher electroche-
mical resistances and lower peak currents. Also, an inc-
rease in Rct value was observed as the concentration of 
CDH 22 antigen concentration increased from 0.03 pg/
mL to 3 pg/mL (Figure 4A inset). The limit of detection 
(LOD) was estimated to be 9 fg/mL based on the 3σ rule. 
The limit of quantification (LOQ) was calculated to be 30 
fg/mL based on the 10σ rule. 

Repeatability, Reproducibility and Stability
The repeatability of the proposed immunosensor was 
evaluated by measuring CDH 22 concentration (0.3 pg/
mL) with 10 different bioelectrodes prepared under 
identical conditions. The relative standard deviation 
(RSD) was measured as 2.17%. The reproducibility of 
the suggested immunosensor was investigated by me-
asuring CDH 22 concentration with 5 different biosen-
sing system. Under the identical experimental conditi-
ons, the RSD was measured as 1.50% (Figure 4C). These 
obtained results indicated an excellent precision and 
good reproducibility of the prepared immunosensor.

The stability of the CDH 22 immunosensor was also in-
vestigated. The immunosensor was stored at 4°C for 10 
weeks. During the storage period, a gradually decrease 
was seen in the impedance response. After 7 weeks of 
storage, the impedance response of the CDH 22 immu-
nosensor decreased 74.3% of its initial activity, showing 
that the immunosensor could keep its activity for a long 
time (Figure 4D).

Analysis of Real Human Serum Samples
In order to verify the applicability of suggested immu-
nosensor, the prepared immunoelectrodes were utili-
zed for human serum sample analysis and the accuracy 
of the proposed biosensor was examined by utilizing 
the standard addition technique.  The CDH 22 protein 
is present in human serum at ng/mL. Therefore, the 
human serum samples were diluted 100000 times by 
using PBS buffer. As observed in Table 1, the recovery 
ranges were from 99.16 to. 101.94%, that confirmed 
the applicability of the biosensor for CDH 22 antigen 
determination.

Conclusion
In this study, an impedimetric immunosensor was suc-
cessfully introduced by using disposable ITO sheet for 
CDH 22 biomarker detection. This sensitive and specific 
immunosensor was developed by immobilizing anti-
CDH 22 antibody onto CPTMS modified ITO electrode.  
Step-by-step modification process and the immuno-
sensing process was followed by using electrochemical 
(CV, EIS) and morphological (SEM and AFM) techniques. 
Under optimum experimental conditions, the develo-
ped immunosensor displayed a selective detection of 
CDH 22 cancer biomarker. In addition, our proposed 
method exhibited a highly sensitive and selective deter-
mination of CDH 22 antigen with a detection limit of 9 

Sample
Found by the bio-

sensor
(pg/mL)

Added CDH 22 
amount
(pg/mL)

Total found % Recovery
% Relative
difference

Human
Serum 1

0.50 0.2 0.72 101.94 1.94

Human
Serum 2

0.68 0.2 0.88 100.57 0.57

Human
Serum 3

0.82 0.2 1.03 101.41 1.41

Human
Serum 4

0.83 0.2 1.04 101.00 1.00

Human
Serum 5

0.52 0.2 0.72 99.16 -0.84

Table 1. Results of human serum samples.
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fg/mL and a linear range from 0.03 pg/mL to 3 pg/mL. 
The success of the proposed biosensor in human serum 
samples analysis illustrated that this biosensor was a 
simple, cost-effective, selective and sensitive platform 
for determination of biomarkers. This proposed immu-
nosensor provided simple tool for biomarker detection 
in clinical applications.
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