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A B S T R A C T   

Oral cancer (OC) is considered as sixth most common cancer in the world. The challenge facing oral cancer is the 
lack of non-invasive, rapid, sensitive, accurate, and inexpensive screening and diagnosis methods. Given the 
increasing importance of prevention, prognosis, and early-stage diagnosis of cancer in improving of survival rate, 
the use of efficient diagnostic devices is essential. In this study, novel bioassay based on antigen and antibody 
immunocomplex was proposed for early stage diagnosis of OC. For the first time, an efficient immunosensor (Cys- 
GA-anti-Cyfra21.1-BSA-Cyfra21.1 antigen/AuE) was successfully designed and developed to the detection and 
determination of the Cyfra21.1 biomarker in unprocessed human saliva samples. The Au electrode was modified 
by Cysteamine (CysA) and Glutaraldehyde (GA) respectively via self-assembly as a substrate to immobilize the 
biological agents. The engineered immunosensor exhibit an excellent ability to detect and determine of 
Cyfra21.1 biomarker in low concentrations in unprocessed human saliva samples. Under the optimized operating 
conditions, the results demonstrate that the desired platform has a good sensitivity in the detecting of Cyfra21.1 
with the low limit of quantitation (LLOQ) of 2.5 ng/mL, which this evaluation was performed at a wide linear 
range of 2.5− 50 ng/mL. The use of the CysA-GA nano-hybrid as extraordinary stable substrate and extensive 
platform to place recognition elements was investigated using various electrochemical methods including cyclic 
voltammetry (CV) and square wave voltammetry (SWV). In this study, the engineered biosensor was used to non- 
invasive detection of Cyfra21.1 in unprocessed human saliva sample. Based on results, CysA-GA-anti-Cyfra21.1 
antibody-BSA- Cyfra21.1 antigen/AuE with significantly high current intensity can provide appropriate, reliable, 
affordable, quick, and user-friendly diagnostic device to monitoring oral abnormality by detection and deter
mination of Cyfra21.1 biomarker in human real sample. Above all, the easy to prepared designed immunosensor 
can be an extremely promising candidate to specific and favorable for a vast range of clinical diagnosis of OC in 
near future.   

1. Introduction 

Oral cancer (OC) is considered as sixth most common cancer in the 
world [1,2] and anatomically involves all malignancies in the lips, oral 
cavity, pharynx, and nasopharynx [3]. Oral squamous cell carcinoma 
(OSCC) is the most common and severe type of the disease [4] and 
generally occurs in the lateral edge of the tongue, the mouth floor, 
buccal mucosa and gingiva [4–6]. Furthermore this type of cancer ac
counts for 90 % of OC diagnostic cases [3]. Based on GLOBOCAN 
worldwide statistics on OC in 2012, estimated that OC accounted for 
529,500 incident cases and 292,300 deaths, which is dedicated the 3.8 

% of all cancer incidences, and 3.6 % of cancer deaths to itself. Also, the 
rate of incidence in men (4%) is two times more than women (2%), 
which can be related to more high-risk habits among men [7,8]. 
Geographical distribution is very various for the incidence of oral cancer 
worldwide, and the regions with the highest rates of incidences are in 
South and Southeast Asia. Sri Lanka, Bangladesh, Pakistan, and India are 
known as the countries with the highest rates of oral cancer for men, 
which 25 % of all cancer cases in these countries diagnosis as OC [9]. 
Due to the aging population and their exposure to many risk factors, it is 
estimated that the number of OC patients will reach 856,000 by 2035 
[8]. 
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Many of the risk factors involved in oral cancer considering the 
geographical distribution of the prevalence of oral cancer show that in 
developed countries, smoking and high alcohol consumption are 
determined as the causes of 75 % OC [10]. In developing countries, in 
addition to tobacco smoking, chewing areca-nut and Betel quid with or 
without tobacco are considered the most serious risk factor [11,12]. 
Consumption of high nitrosamines foods (e.g. salted fish) is also 
considered as a high-risk diet in increasing the risk of OC [11]. Infections 
caused by the high-risk human papillomavirus (HR-HPV) such as 
HPV-16 and HPV-18, as well as the Epstein-Barr virus (EBV) are 
increasingly becoming a serious risk factor for the prevalence of OC 
[13–15]. 

Determining the stage of OC is important because if malignancy is 
detected in stage T1, the survival rate is 90 %, while in stages T3 and T4 
it drops to 20 % [16]. At a high-grade (T4), OC enters the metastatic 
stage and spreads to other organs of the body, mostly through the 
lymphatic system [17]. During metastasis of OC, cancer cells are able to 
move through the lymph to other organs in the body. The first and main 
organ to be targeted for OC metastasis are the lymph nodes in the neck 
[18]. The lung is also another target organ that significantly hosts oral 
cancer immigrant cells [18]. Therefore, early detection or prevention of 
the disease through screening of populations with a high risk of pre
cancerous lesions will be an effective strategy to prevent further out
breaks and control disease in initial grade (T1) or improve the treatment 
efficiency of oral cancer [19–21]. 

The challenge facing OC is the lack of non-invasive, rapid, sensitive, 
accurate, and inexpensive screening and diagnosis method [22]. Several 
methods for early diagnosis of OC neoplasia, includes: Toluidine blue 
staining, oral cytology/brush biopsy, Fluorescence spectroscopy, and 
imaging, chemiluminescent illumination, biopsy [23,24]. According to 
several reports, OC diagnostic assessments might take up to 6 months 
[25]. The current reliable method for diagnosing oral cancer is oral 
tissue biopsy with histopathological assessments of the tissue sample 
[26]. All of the above methods are generally expensive, invasive for the 
patient, time-consuming, require specialized equipment and techni
cians, the samples being assessments including blood, serum and tissue 
need to pretreatments [27]. Therefore, with the prevalence of cancers, 
extensive research is needed to find novel, detectable, high specificity, 
and sensitivity biomarkers with cost-effective and non-invasive methods 
[28,29]. 

Biomarkers are measurable indicators with the chemical nature of 
DNA, RNA, and protein that provide useful information about the state 
of health or disease of the body [30]. These compounds are present and 
can be measured in a variety of body fluids, such as saliva, blood, serum, 
and plasma, or in tissue samples taken from the different organs of the 
body [31]. 

Analysis and assessment of salivary biomarkers can be a proper, non- 
invasive, safe, inexpensive preparation alternative, and potential tools 
for clinical diagnosis of OC [31,32]. 

Whole of saliva is the result of the secretion of three main salivary 
glands, including sublingual, parotid glands, submandibular glands, and 
numerous small salivary glands. Saliva contains other compounds such 
as sputum, nasal secretions, blood from wounds or bleeding in the 
mouth, epithelial cells, food debris, and also there are microorganisms 
such as bacteria, viruses, fungi [33,34]. 

Biochemically, saliva is a transparent substance with an average 
protein concentration of 1.5− 2 mg/mL. Saliva has a high potential for 
early detection of diseases due to its wide range of biomolecules [35]. In 
recent years, many studies have been conducted on the diagnosis of 
lung, breast, oral, and pancreatic cancer which demonstrate the saliva 
reliability for wide range of disease diagnoses application [36]. In 
addition, blood and serum samples are much more complex than saliva 
due to a wide range of macromolecules, and interference from their 
macromolecules can lead to errors in an accurate diagnosis [37]. Com
plete saliva is one of the most reliable and accurate tools for diagnosing 
OC in early stage due to its direct contact with the oral cavity [36,38]. 

Nowadays researchers have identified more than 100 potential salivary 
biomarkers [31]. 

Cytokeratin family (CKs) contains 19 different peptides (CK-1 to CK- 
19), which are classified into two subtypes: type I (Acidic type, molec
ular weight: 40− 56 kDa) and type II (Basic type, molecular weight: 
53− 67 kDa). Cytokeratin-19 is an acidic subunit of type I that is present 
in all simple squamous cells and in cancers arising from them [36,39]. 
Cyfra 21.1 is a soluble fragment of cytokeratin-19 that is released during 
cell apoptosis. Cyfra 21.1 is also found as a potential biomarker in many 
epithelial cell cancers [27]. The utilization of Cyfra 21.1 as a biomarker 
of OC was first proven by Kurokawa and coworkers [36]. The Cyfra 21.1 
antigen is secreted in large amounts in saliva. In normal individuals, 
levels of Cyfra 21.1 have measured 3.8 ng/mL while in cancer patients, it 
is increased to 17.46 ± 1.46 ng/mL [36]. Various clinical studies have 
shown that Cyfra 21.1 salivary biomarkers are approved and reliable for 
early detection of OC [40–43]. 

Immunosensors are a branch of biosensors whose mechanism of ac
tion is based on identifying the binding of the antigen to its specific 
antibody and the formation of a stable and irreversible antibody-antigen 
complex [44,45]. Immunosensors are attractive and useful instruments 
for diagnostic applications because the binding of the antigen to its 
specific antibody significantly increases the specificity of the diagnostic 
measurement and makes it possible to accurately detection and deter
mine the value of biomarkers in the most complex biological samples 
[46,47]. Therefore, all types of electrochemical biosensors, especially 
electrochemical immunosensors have attracted a lot of attention in 
medical diagnosis purposes, due to their inexpensive, user-friendliness, 
simple equipment and ease of use, real-time measurement, high sensi
tivity and specificity, portability, and proper performance with low 
sample values [27,48–50]. 

One of the most important components in the preparation of an 
electrochemical (EC) immunoassay is a highly reactive, electroactive, 
and stable substrate to immobilize the immunological elements at its 
surface and improving the electrical conductivity for effective assess
ment [51]. For this purpose, substrates made nanomaterials play an 
important role. Substrates modified of nanomaterial via different 
methods create an extensive range of features, such as increased surface 
area, which allows lots of protein to be immobilized at the electrode 
substrate surface [52,53]. In addition to its significant electrical prop
erties, the use of nanomaterials also plays a key role in improving the 
stability and sensitivity of the EC biosensors [54]. 

Cysteamine (CysA) is an outstanding nanomaterial used to modify 
the electrode surface of electrochemical biosensors by having high- 
performance functional groups in establishing covalent bonding [55]. 
The thiol group in the cysteamine structure has been identified as an 
accelerator of electron transfer in redox reactions of the electrode sur
face and mediator solution [55]. Au and CysA form strong bonds by 
establishing a covalent bond between thiol groups. Also, with the 
completion of the interaction, cysteamine’s free amine groups are pro
vided for interaction with antibodies carboxyl groups to immobilize it at 
the electrode surface by establishing a covalent bond, which is playing 
the important role in the stability of the desired immunosensors [51]. 

Self-assembly monolayers (SAM) can be considered as one of the 
most efficient and popular strategies for the preparation of novel sub
strate modified by advanced nanomaterials towards biosensing [56]. 
SAM refers to the process of organizing and spontaneously assembling of 
adsorbate materials at different substrates [57]. SAM occurs in the initial 
step as physical absorption through direct contact with the substrate. In 
the second step, the tendency of chemical adsorption between the 
adsorbent and the substrate due to the interaction of reactive chemical 
groups and the formation of strong chemical bonds leads to the forma
tion of a stable monolayer substrate [58]. Using the SAM method to 
modify the gold electrode surface by thiol groups due to having a di
sulfide reactive group is one of the most efficient and desirable methods 
of preparing the substrate with favorable and stable electrochemical 
properties [59]. The other favorable features obtained in the use of SAM 
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are: simplicity and need to a little volume of nanomaterials, easy orga
nization, creating an appropriate surface area for immobilizing the 
biomolecules, improving the sensitivity with a significantly reduce 
double-layer charge current, and reproducibility [56,60]. 

Briefly, the electrochemical properties of CysA modified nano
materials have encouraged us to investigate the possibility of providing 
a platform based on CysA-GA to immobilize the anti-Cyfra21.1antibody 
(Ab) to identify Cyfra 21.1 biomarker in the purpose of early detection of 
oral cancer. The CysA-GA nanocomposite substrate increases the 
accessible contact area to immobilization of antibody, thus they could 
increase the active surface to interact with Cyfra 21.1 which can lead to 
enhance sensitivity of electrochemical assessment. This process also 
represents and confirms the increase in the geometric surface, which is 
very important parameter in electrochemistry. The excellent chemical 
properties of the CysA-GA substrate due to its thiol groups and strong 
interaction with the Au electrode on the one hand, and subsequently the 
free amine end for interaction with the antibody, has received more 
attention for preparation of high efficiency modified electrode. Step-by- 
step preparation of CysA-GA-anti- Cyfra21.1 Ab-BSA-Cyfra21.1 antigen/ 
AuE immunosensor in the biological and non-biological section was 
monitored by the cyclic voltammetry (CV) and the square wave vol
tammetry (SWV). Also, the redox behavior of the prepared immuno
sensor at each stage was characterized by the mentioned techniques. 
Furthermore, the engineered immunosensor was investigated to detec
tion and determination of the Cyfra 21.1 biomarker in real samples. The 
investigation of the designed immunosensor was performed on both the 
standard antigen sample and the real human saliva sample by CV and 
SWV, and the results show that the engineered immunosensor is a novel 
platform for detection of Cyfra 21.1 biomarker in the human salivary 
sample with good sensitivity. As well as, the low limit of quantification 
was measured at 2.5 ng/mL. To the best of our knowledge, this is the 
first time that the CysA-GA interface has been used as a substrate for 
anti- Cyfra 21.1 antibody immobilization to the detection of Cyfra 21.1 
biomarkers with the aim of, noninvasive, inexpensive, easy, user- 
friendly and early detection of OC by using untreated and unstimu
lated human saliva samples. 

2. Experimental 

2.1. Materials and reagents 

All chemicals used in this research are in analytical grade. Human 
Cytokeratin Fragment Antigen 21-1 (CYFRA21-1) ELISA Kit was pur
chased from MyBiosource (San Diego, California, USA). Sodium 
hydrogen phosphate (Na2HPO4), Sodium dihydrogen phosphate mono
hydrate (H2NaPO4.H2O), Potassium ferrocyanide (K4Fe (CN) 6), Potas
sium ferricyanide (K3Fe (CN) 6), Potassium chloride (KCL) were bought 
from Merck (Germany). Cysteamine (CysA), Glutaraldehyde (GA), 
Bovine serum albumin (BSA) were purchased from Sigma Aldrich 
(Ontario, Canada). Ethanol and Sulfuric acid supplied from Scharlau 
Chemie S.A. 

2.2. Solutions 

To obtain the desired matrix, we first prepare a 10 mM solution of 
CysA using a 1 mM ethanol solvent. 1 mM of ethanol is also used for 
washing. Phosphate-buffered saline (PBS) solution was prepared at 
pH = 7.4 in a concentration of 0.1 M and used as washing and diluting 
Solution. Ferrocyanide/Ferricyanide [Fe (CN) 6] − 3/− 4 solution con
taining KCl was also prepared as an electrochemical mediator solution at 
a concentration of 0.01 mM. The solution of H2SO4 (0.1 M) was prepared 
for cleaning the inorganic compound from the electrode surface before 
usage. Also, an acetone and water mixture solution in 1:1 ratio was used 
to remove of organic contaminants. GA as a cross-linking agent was used 
in standard grade. All solutions used in this work were prepared daily 
and fresh. 

2.3. Human saliva sample collecting 

An unprocessed salivary sample of a healthy volunteer was obtained 
in the following method. 

Saliva sample collection was performed in the early hours of the 
morning. To ensure that the oral cavity is free of food debris or any non- 
biological material, the saliva donor was asked to do not eat food and 
avoid drinking any liquids and chewing gum for at least 8 h after the 
necessary cleansing at night (such as teeth brushing, use mouthwash 
liquid and etc.). Thus, the saliva sample was taken from the volunteer in 
the full fasting state. 

In order to ensure that the oral cavity is completely clean before 
collecting the salivary sample, the final washing was performed before 
sampling in the oral cavity with PBS (0.1 M, pH = 7.4) for 30 s. There
fore, 5 mL of PBS solution was completely rotated in the oral cavity and 
then the solution was thrown away. Then, 2 mL of saliva sample was 
transferred to the microtube after 20 s after rinsing the mouth. The 
transparency of the obtained sample was examined and no additional 
suspended particles were observed in it. 

2.4. Instruments 

Electrochemical experiments for voltammetric measurements were 
accomplished in three-electrode cell (from Metrohm) powered by an 
electrochemical system consisting of PalmSens 4c system, electro
chemical interface. The system was run on a laptop using PSTrace5 
software. Electrochemical system was composed of conventional three- 
electrode cell was utilized with an Ag/AgCl (Methrom, The Netherlands) 
as a reference electrode, and a Pt wire was used as a counter-electrode. 
The working electrode was gold electrode (AuE) (d =2 mm) (from Azar 
electrode Co., Iran). The surface morphology of the modified electrodes 
was evaluated with a MIRA3 FEG-SEM (SEM, Hitachi Ltd., Czech,). 
Before modification, Au electrode was polished to a mirror-like finish 
with 0.3 and 0.05 mm alumina slurry (Beuhler, USA) followed by rinsing 
thoroughly with double distilled water. 

2.5. Fabrication of immunosensor 

Prior to modification, the electrodes are continuously polished with 
alumina, covered with a polishing cloth. It is then immersed in a solution 
of water and acetone (ratio 1:1) for 30 min and then it is placed in an 
electrochemical cell containing 0.1 M H2SO4 for electrochemical 
cleaning, and 20 cycles are applied to it at a potential range of -1.5 to 0 at 
a scan rate of 100 mV/s. Then, electrodes rinsed with deionized water 
and dried in room temperature. After complete cleaning, the electrode 
surface was modified by self-assembly method. 

In purpose of electrodes modification by complete chemical self- 
assembly method as an efficient and affordable manner for sensing 
and biosensing applications, in the first step, the bare Au electrode was 
immersed in CysA solution (200 μL of 10 mM) for 3 h and stored in dark 
and room temperature conditions. After the prescribed time, CysA 
modified Au electrode (CysA/AuE) rinsed with 1 mM of ethanol and dry 
with N2 gas. Immediately after that, CysA/Au electrode was immersed in 
the solution containing GA and put it at room temperature for 30 min to 
establish and improvement of cross-linkage between CysA and GA. In 
the next step, after removing the electrode from the GA solution, it was 
rinsed with a PBS solution (0.1 M, pH = 7.4) and then was dried with N2 
gas. 

After preparation of CysA-GA/AuE, desired modified electrode was 
incubated in a 50 μl of anti-Cyfra 21.1 antibodies for 12 h at 4 ◦C. Then 
in purpose of blocking non-specific binding of anti-Cyfra 21.1 antibody, 
CysA-GA/ anti-Cyfra 21.1 antibody/AuE immersed in BSA solution for 
1 h. Afterwards, Cyfra 21.1 antigen incubated on surface of CysA-GA- 
anti-Cyfra 21.1 antibody-BSA/AuE and placed in 4 ◦C for 5 h. The 
whole fabrication procedure of desired CysA-GA- anti-Cyfra 21.1 
antibody-BSA-Cyfra 21.1 antigen/AuE immunosensor for Cyfra 21.1 
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detection was illustrated in Scheme 1. It should be noted that after all 
steps of biological incubation, the obtained electrodes was rinsed with 
PBS (0.1 M, pH = 7.4) solution. 

2.6. Characterization of fabricated immunosensor 

In following, the FE-SEM imaging obtained results for five modified 

Scheme 1. The fabrication procedure of electrochemical immunosensor for Cyfra21.1 detection.  

Fig. 1. A. FE-SEM images of CysA/AuE in different magnification and its related EDS result. B. FE-SEM images of CysA-GA/AuE in different magnification and its 
related EDS result. C. FE-SEM images of CysA-GA- anti-Cyfra21.1 antibodies/AuE in different magnification and its related EDS result. D. FE-SEM images of CysA-GA- 
anti-Cyfra21.1 antibodies-BSA/AuE in different magnification and its related EDS result. E. FE-SEM images of CysA-GA-anti-Cyfar21.1 Ab-BSA-Cyfra21.1 antigen/ 
AuE in different magnification and its related EDS result. 
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Au electrode by CysA, CysA-GA, CysA-GA-anti Cyfra 21.1 antibody, 
CysA-GA-anti Cyfra 21.1 antibody-BSA, CysA-GA-anti Cyfra 21.1 
antibody-BSA- Cyfra 21.1 antigen was shown in Fig. 1(A–E). As the 
images reveal, polymer films have grown by self-assembly on the surface 
of Au electrode. The formation of CysA shown in different magnification 
in Fig. 1A with an average diameter of 22.17 nm has been recorded. 
Also, EDS results confirmed the presents of S, N and C elements on 
surface of AuE. Furthermore, FE-SEM imaging in Fig. 1B was recorded 
after utilizing GA as a stabilizer agent with lowest detected diameter of 
19.72 nm. As well as, EDS obtained results reveals that in addition to S, C 
and N as prepared matrix elements, oxygen also appeared at the matrix 
as one of the elements in the GA structure. 

In subsequent, the stage of antibody incubation in different magni
fications is shown in Fig. 1C. Compared to the previous stage (CysA-GA), 
the structures containing the pores in the image are observed, which 
indicates the success of the electrode modification process at this stage. 
Based on EDS curve, the results confirm the presence of elements C, O, 
N, S and P on the surface of AuE. The use of BSA blocking agent in 
electrode surface modification to block non-specific bonds is shown in 
Fig. 1D with different magnifications. By comparing the images of the 
blocking stage with the previous one, it is clear that the structures 
formed by anti-Cyfra 21.1 antibody incubation are significantly blocked. 
According to the EDS curve, the results confirm the presence of C, O, N, 
S, and P elements on the surface of AuE. 

In the last step, the CysA-GA-anti-Cyfra 21.1 Ab-BSA- Cyfra 21.1 

antigen/AuE was evaluated by FE-SEM and results are shown in Fig. 1E. 
Comparative observation of the images demonstrates that the Cyfra 21.1 
antigen binds to its specific antibodies after the blocking stage with BSA. 
Based on the EDS curve, the results confirm the presence of C, O, N, S, 
and P elements on the surface of AuE. 

3. Results and discussion 

3.1. Electrochemical behavior of engineered immunosensor 

The electrochemical behavior of bare Au electrode before and after 
modification with mentioned materials and biological elements were 
investigated by some voltammetric techniques including cyclic vol
tammetry (CV) and square wave voltammetry (SWV). According to the 
data obtained from the CV and SWV techniques for the evaluation of 
each step, electrode modification was performed in one complete cycle, 
in the potential range of -1 to +1 V and the sweep rate of 100 mV/s in the 
0.01 M [Fe (CN)6] − 3/− 4 solution containing KCl. 

According to Fig. 2A & B, CVs was performed to evaluate the elec
trochemical behavior of electrodes bare AuE, CysA/AuE, CysA-GA/AuE, 
CysA-GA-anti-Cyfra21.1/AuE, CysA-GA-anti- Cyfra21.1-BSA/AuE, 
CysA-GA-anti-Cyfra21.1-BSA- Cyfra21.1 antigen/AuE under the above- 
mentioned conditions, respectively. The results show that the bare Au 
electrode shows a peak current in 64.9 μA, which is related to intrinsic 
feature of gold as a conductive metal. In the next step, after modifying 
the electrode surface with CysA, peak current was reached to 67/1 μA 
and also a change in oxidation peak position is observed, which can 
confirm the successful modification of the AuE with CysA. Following the 
modifying process by GA, which is used as a stabilizer to establish cross- 
links, a decrease in current is observed. 

The entrance into the immobilization step of biological agents begins 
with anti-Cyfra21.1 antibody incubation. After immobilization of the 
antibody at the matrix of surface, the CVs assessments show that the 
current intensity has increased. Antibodies were expected to further 
reduce current intensity by blocking the matrix surface, but an investi
gation of the antibody structure in FE-SEM images demonstrates that the 
nature of the porous structure of the anti-Cyfra21.1 antibody on the 

Fig. 2. CVs voltammogram (A) and oxidation peak’s current histogram (B) in 
the potential range of -1 to +1 V for bare AuE, CysA/AuE, CysA-GA/AuE CysA- 
GA-anti-Cyfra21.1/AuE, CysA-GA-anti-Cyfra21.1-BSA/AuE, CysA-GA-anti- 
Cyfra21.1-BSA-Cyfar21.1 antigen/AuE. Supporting electrolyte is 0.01 M [Fe 
(CN) 6]3-/4- solution containing KCl. 

Fig. 3. SWVs voltammogram (A) and histogram (B) in the potential range of -1 
to +1 V for bare AuE, CysA/AuE, CysA-GA/AuE CysA-GA-anti-Cyfra21.1/AuE, 
CysA-GA-anti-Cyfra21.1-BSA/AuE, CysA-GA-anti-Cyfra21.1-BSA-Cyfar21.1 an
tigen/AuE. Supporting electrolyte is 0.01 M [Fe (CN) 6]3-/4- solution con
taining KCl. 
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Fig. 4. A) CVs of CysA/AuE in potential range of -1 to +1 
in different sweep rate of 10 to 500 mV/s in 0.01 M [Fe 
(CN) 6]3-/4- solution containing KCl. B) Variations of 
oxidation peak currents versus different sweep rate. C) 
calibration curve of oxidation peak current versus different 
sweep rate. D) Variations of oxidation peak currents versus 
square root of different sweep rate. E) calibration curve of 
oxidation peak currents versus square root of different 
sweep rate. F) Calibration curve of oxidation peak’s current 
versus sweep rate in terms of Neperian logarithm. G) 
Variation of oxidation peak potential versus Neperian log
arithm of sweep rate.   
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CysA-GA modified electrode surface and its interaction with the matrix 
has accelerated the flow of electrons at the electrode surface. Therefore, 
oxidation peak current indicates a higher current density than CysA-GA. 
Considering the increase in current intensity in the antibody incubation 
step, it can be concluded that the use of BSA by blocking the surface 

should reduce the current intensity, and in the following, CVs assess
ment confirms the electrochemical behavior of electrode modified with 
BSA that CysA-GA-anti-Cyfra21.1 antibody-BSA/AuE indicates the 
lowest current intensity (31 μA). 

The last step in completing the immunosensor construction is adding 

Fig. 5. A) CVs of Cys/AuE in potential range of -1 to +1 in 
different sweep rate of 10 to 500 mV/s in 0.01 M [Fe (CN) 
6]3-/4- solution containing KCl. B) Variations of oxidation 
peak currents versus different sweep rate. C) calibration 
curve of oxidation peak current versus different sweep rate. 
D) Variations of oxidation peak currents versus square root 
of different sweep rate. E) calibration curve of oxidation 
peak currents versus square root of different sweep rate. F) 
Calibration curve of oxidation peak’s current versus sweep 
rate in terms of Neperian logarithm. G) Variation of 
oxidation peak potential versus Neperian logarithm of 
sweep rate.   
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the Cyfra21.1 antigen to the CysA-GA-anti-Cyfra21.1 antibody-BSA/ 
AuE complex and investigating the interaction of the antigen with the 
specific antibody. For this purpose, two concentrations of antigens were 
evaluated to assess the accuracy of the designed immunosensor. Stan
dard concentration of Cyfra21.1 antigen incubation was associated with 
a change in peak current intensity. Another electrode was prepared and 
evaluated for 2.5 ng/mL standard concentration of Cyfra21.1 antigen, 
and the results showed that increasing the antigen concentration was 
reduce the current intensity by limiting electron transfer at the surface of 
the designed immunosensor. 

For further evaluation of the electrochemical behavior of the 
designed immunosensor, SWV was recorded step by step (Fig. 3A & B) 
and the results confirm the recorded electrochemical behavior of the 
designed immunosensor by the CV. 

3.2. Kinetic study 

Scan rate is used as an effective index in the investigation of redox 
reactions for various compounds, also useful information including 
electrochemical mechanisms of electron transfer can be obtained from 
the association between the peak’s current and potential to sweep rate. 
Therefore, the typical CVs were performed at potential range of -1 to 
+1 V and various scan rate from 10 to 500 mV.s− 1 to kinetic study of 
engineered interface of CysA/AuE in 0.01 M [Fe (CN)6] -3/-4 solutions 
(Fig. 4A) and obtained related plot was shown in Fig. 4B. Furthermore, 
the plot of oxidation linear peak currents to sweep rate shown in Fig. 4C, 
pointing to electrochemical activity of surface redox couple. 

Ip = (
n2 F2

4RT
)νAΓ∗ (1)  

Where Г* is the surface coverage of the redox species, ν being the po
tential sweep rate and A is the electrode surface area (A = πr2 = 0.0314 
cm2). Г* has been obtained as 106.5 × 10− 9 mol. cm-2. Based on the peak 
currents versus sweep rate squared obtained result shown in Fig. 4E 
which linear slope related to it, reliable to demonstrate a mass transfer 
controlling process of oxidation occurred via diffusion. To characterize 
the type of couple reaction system the CV recorded has certain well- 
defined characteristics, including investigation of the peaks potential 
position and peaks height changes in proportional to scan rate 
increasing. According to the voltammogram recorded for CysA/AuE, it 
can be concluded that the type of coupled reaction system is reversible 
because the positions of peak potential do not alter as a function of scan 

rates alteration. Then, it can be stated that it is the reversible diffusion- 
controlled process. 

In the case of CysA-GA/AuE kinetic study, typical CVs were per
formed at the potential range of -1 to +1 V in the various scan rates from 
10 to 500 mV.s− 1 in 0.01 M [Fe (CN) 6]3-/4- solutions (Fig. 5A) and 
related curve for obtained results were shown in Fig. 5B. Furthermore, 
dependency of oxidation linear peak currents to sweep rate shown in 
Fig. 5C, pointing to the electrochemical activity of the surface redox 
couple, which was obtained by using line slope of Eq. (1). According to 
the calculations performed with Eq. (1), Г* has been obtained 
104.72 × 10-9 mol. cm-2. Due to the variation peak currents versus sweep 
rate squared obtained result shown in Fig. 5E which linear slope related 
to it, reliable to demonstrate a mass transfer controlling process of 
oxidation occurred via diffusion. 

For CysA-GA/AuE engineered matrix, the couple reaction system 
was studied via investigation of the peaks potential and peaks height 
changes in proportional to scan rate. According to the voltammogram 
recorded for CysA-GA/AuE, it can be concluded that the type of coupled 
reaction system is reversible because the positions of peak potential do 
not alter as a function of scan rate. Then, it can be stated that it is the 
reversible diffusion-controlled process. 

As can be deduced from the calculation of the surface coverage of the 
redox species for the CysA/AuE and CysA-GA/AuE matrix, after incu
bation of the CysA/Au modified electrode with GA, the surface coverage 
reduced, as the cross-links resulting from the interaction of GA with 
CysA that increases the stability of the substrate. 

3.3. Analytical performance 

3.3.1. Sensitivity study in standard samples 
The CysA-GA-anti-Cyfra21.1 antibody -BSA-Cyfra21.1-antigen/AuE 

immunosensor analytical performance was investigated by SWVs tech
niques in different concentrations of Cyfra21.1 biomarker. SWVs was 
recorded at different concentrations of Cyfra21.1 biomarker (2.5, 5, 10, 
25, 50 ng/mL) in a standard sample with a sweep rate of 100 mV / s in 
the potential range of -1 to +1 V and the results were shown in Fig. 6A. 
According to Fig. 6B, the calibration curve of immunosensor at various 
concentrations of Cyfra21.1 was plotted by SWV which shows the linear 
regressions equation for concentrations ranging from 2.5 ng/mL to 
50 ng/mL and confirm the engineered immunosensor ability to sensitive 
analysis of biomarker using SWV technique. The obtained linear re
gressions equation is as follows:  

Fig. 6. A) SWVs responses of the immunosensor for different concentrations of Cyfra21.1: 2.5, 5, 10, 25, 50 ng/mL in 0.01 M [Fe (CN) 6]3-/4- solution containing 
KCl. B) Calibration curve (n = 5, Sd = 1.39, Sd = 1.33, Sd = 1.30 for concentrations of 5, 10, and 25 ng/mL, respectively). 
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I (μA) = − 4.4398 C (CYFAR21.1) + 133.67, R2 = 0.997.                                

In order to evaluate the desired immunosensor, different concen
trations of Cyfra21.1 antigen between 10 ng/mL to 25 ng/mL was pre
pared. Prepared diluted concentrations were 12.5, 15, 17.5, 20, 22.5 ng/ 
mL respectively. According to Fig. 7, the evaluation of immunosensor 
sensitivity was performed in the range of 5 ng/mL to 50 ng/mL by 
mentioned diluting concentrations using SWV technique. 

The linear regressions equation in the concentration range of 
5− 50 ng/mL was obtained as:  

I (μA) = − 0.2823 C (Cyfra21.1) + 87.816, R2 = 0.9339.                                 

The lower limit of quantification (LLOQ) for the detection of the 
Cyfra21.1 antigen as candidate biomarker was obtained as 2.5 ng /mL. 
Multiple factors involved in the preparation of the engineered immu
nosensor, including: high rate electron transfer capability that confirms 
excellent electrical conductivity of desired matrix, structural properties 
and high stability of the Cys-GA interface, extensive and appropriate 
surface area, the optimal reaction of designed interface with biological 

components for antibody immobilization, and providing the possibility 
of biological activity. All mentioned parameters can be considered as the 
results which is provide an appropriate sensitivity of biosensors. 

3.3.2. Sensitivity study of engineered immunosensor in human saliva 
sample 

According to Fig. 8A, SWVs was recorded for the evaluation of 
engineered immunosensor capability to detection of various concen
tration of Cyfra21.1 biomarker in human saliva sample. For this pur
pose, SWVs were performed in the potential range of -1 to +1 V and 
sweep rate of 100 mV/s in different concentrations of Cyfra21.1 
biomarker and the ability of the technique was evaluated to measure
ments of the Cyfra21.1 biomarker in human plasma sample. 

As well as in Fig. 8B, the calibration curve of proposed immuno
sensor for 2.5–50 ng/ml concentration of Cyfra21.1 in human saliva 
samples was plotted and the following linear regression equation was 
obtained:  

Fig. 7. A) SWVs responses of the immunosensor for different diluted concentrations of Cyfra21.1: 5, 10, 12.5, 15, 17.5, 20, 22.5, 25, 50 ng/mL in 0.01 M [Fe (CN) 6] 
3-/4- solution containing KCl. B) Calibration curve (n = 5, Sd = 2.52, Sd = 2.54, Sd = 2.53, and Sd = 2.57, for concentrations of 10, 20, 25, and 50 ng/mL, 
respectively). 

Fig. 8. A) SWVs responses of the immunosensor for different concentrations of Cyfra21.1: 2.5, 5, 10, 25, 50 ng/mL in human saliva sample in 0.01 M [Fe (CN) 6]3-/ 
4- solution containing KCl. B) Calibration curve (n = 5, Sd = 2.23, Sd = 2.21, and Sd = 2.20, for concentrations of 5, 25, and 50 ng/mL, respectively)). 
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I (μA) = − 0.6458 C (Cyfra21.1) + 95.293, R2 = 0.9566.                                 

The LLOQ for the detection of Cyfra21.1 antigen in human saliva 
sample was recorded as 2.5 ng /mL. as proposed, different concentra
tions of the Cyfra21.1 antigen between 5 ng/mL to 50 ng/mL were 
prepared. Diluted concentrations were 5, 7, 10, 15, 20, 25, 30, 40, 
50 ng/mL. According to Fig. 9A, the evaluation was performed in the 
range of 5 ng/mL to 50 ng/mL by mentioned diluting concentrations of 
biomarker in human saliva sample using SWV technique. 

The linear regressions equation obtained as follows:  

I (μA) = − 2.1461C (Cyfra21.1) + 133.85, R2 = 0.9699.                                  

Several studies have been performed on the measurement of 
Cyfra21.1 biomarkers in various biological samples using conventional 
non-biosensing methods to diagnose OC. In the following, we survey the 
results of this research. 

In 1997, Kurokawa and coworkers [61] measured serum level of 
Cyfra 21.1 in relation to oral cancer by immunoradiometric assay and 
reported a significant concentration in patients with oral cancer higher 
than the control population (n = 42, 2.25 ng.ml− 1). 

Kawaguchi et al., [62] measured the Cyfra 21.1 in serum sample 
using the immunoassay radiometric assay method and reported its 
concentration as 2.9 ng.ml− 1. Also, Zhong et al., [39,63] studied both 
salivary and serum samples using the enzyme-linked immunosorbent 
assay (ELISA) method for Cyfra 21.1 detection. The serum sample 
showed a concentration of 0.65 μg/L and sensitivity and specificity of 
0.570 and 0.964, respectively. In the salivary sample study, the 
measured concentration was reported at 85.95 μg/L and the sensitivity 
and specificity of 0.5 and 0.86, respectively. 

Interestingly, Rajkumar and colleagues [36] conducted a compara
tive study between the serum and salivary levels of the Cyfra21.1 

biomarker by ELISA, which measured serum levels in patients at 5.14 ng. 
ml− 1 and salivary levels at 17.46 ng.ml− 1. Also, Malhotra and colleagues 
[64] reported a concentration of 13.68 ng.ml− 1 and 5.01 ng.ml− 1 in 
2016, using the electrochemiluminescence (ECL) immunoassay (ECLIA) 
method in the analysis of salivary and serum samples, respectively. 

Fig. 9. A) SWVs responses of the immunosensor for different diluted concentrations of Cyfra21.1: 5, 7.5, 10, 15, 20, 25, 30, 40, and 50 ng/mL in human saliva sample 
in 0.01 M [Fe (CN)6]3-/4- solution containing KCl B) Calibration curve (n = 5, Sd = 2.10, Sd = 1.98, Sd = 1.97, and Sd = 1.98, for concentrations of 10, 20, 25, and 
30 ng/mL, respectively)). 

Table 1 
A comparison of the performance of several assay strategies for the detection of Cyfra21.1.  

Assay strategies Platform Technique Sample LOD/ LLOQ Linear range Ref 

Immunosensor APTES/nHfo2/ITO CV saliva 0.21 ng/mL 2− 18 ng/mL [65] 
Immunosensor APTES-Zro2 /ITO CV saliva 0.08 ng/mL 2− 16 ng/mL [66] 
Immunosensor APTES/Zro2 RGO/ITO DPV saliva 0.122 ng/mL 2− 22 ng/mL [67] 
Immunosensor Cys-La(OH)3/ITO DPV saliva 0.001 ng/mL 0.001− 10.2 ng/mL [68] 
Immunosensor CysA-GA/AuE SWV saliva 2.5 ng/mL 2.5− 50 ng/mL This work 

LOD; Limit of detection, LLOQ; Low limit of quantification, CV; Cyclic voltammetry, DPV; Differential pulse voltammetry, SWV; Square wave voltammetry. 

Fig. 10. A) SWVs and B) histograms for the stability study of CysA-GA/AuE in 
potential range of -1 to +1 and sweep 100 mV/s in 0.01 M [Fe (CN) 6]3-/4- 
solution containing KCl at 24 -h intervals. ([n = 5, Sd; 2.06] and [n = 3 
Sd = 1.18] for initial test and 24 h, resepcticely). 
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In addition, the results of several studies to evaluate Cyfra 21.1 
biomarkers for OC detection in the salivary sample using the immuno
sensing method are compared with the results of the current research in 
Table 1. 

3.4. Stability study 

3.4.1. Investigating the stability of engineered immunosensor in the daily 
intervals times 

The stability assessment of the CysA-GA-anti-Cyfra21.1 antibody- 
BSA-Cyfra21.1 antigen/AuE immunosensor was performed by SWVs 
technique in the potential range of -1 to +1 V and sweep rate of 100 mV 
/s in 0.01 M [Fe (CN) 6] − 3/− 4 solutions and in 24 -h intervals. The 

immunosensor susceptibility to reuse is important in real-time applica
tions such as clinical diagnosis which depends on the stability and the 
ability to reconstruct immunosensor. For this purpose, immunosensor 
was stored at 4 ◦C for 24 h. Then, SWV were recorded in two stage 
(immediately after preparation of bio-device and after 24 h). The results 
obtained from SWVs (Fig. 10) reveal that the CysA-GA-anti-Cyfra21.1 
antibody-BSA-Cyfra21.1 antigen/AuE immunosensor shows acceptable 
stability within 24 h. 

3.4.2. Cyclic stability study of engineered interface 
The stability of CysA and CysA-GA interfaces was investigated by CVs 

technique based on the number of cycles and the results were revealed in 
Fig. 11A and B respectively. To evaluation of both matrix stability, CVs 

Fig. 11. Cyclic voltammograms of CysA/AuE (A) and CysA-GA/AuE (B) stability study in potential range of -1 to +1 and sweep rate of 100 mV/s Number of cycles 
were 5, 10, 20, 30, 50 cycles in 0.01 M [Fe (CN) 6]3-/4- solution containing KCl. C and D) related histograms. 
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performed in 5, 10, 20, 30, 50 and 100 cycles in in 0.01 M [Fe (CN)6] − 3/ 

− 4 as mediator solution. According to the obtained results, it is observed 
that Cys/AuE and Cys-GA/AuE matrices, which are prepared via self- 
assembly, are completely stable. CVs reveals that increasing the num
ber of cycles, there is no change in the peak’s current. 

3.5. Selectivity of engineered immunosensor 

To evaluate the selectivity of the engineered immunosensor, for the 
precise and accurate determination of Cyfra 21.1 biomarker, a number 
of biomolecules interferers such as PSA, BSA and CEA which can be 
interfere on the performance of bio-device and their mixtures were 
investigated by SWVs techniques. 

As results are shown in SWVs voltammogram for CAE, BSA, PSA and 
their mixture (Fig. 12), the peak’s currents obtained from Cyfra21.1 
were compared with interferer species. The results demonstrate that PSA 
has no interfere in Cyfra21.1 detection, although, CEA increasing in
tensity of Cyfra21.1 peak’s currents and BSA decrease it. The results 
confirm that CEA and BSA are interfere in Cyfra21.1 detection. Also, the 
mixture of selected biomolecules lead to increase of Cyfra21.1 peak’s 
current that reveals CEA as dominant interfere. 

3.6. Reproducibility, precision, stability and regeneration of the 
immunosensor 

The reproducibility of the immunosensor was evaluated assessed by 
fabricating five modified electrodes independently at under the same 
experimental condition, and using them for detection of 5–50 ng/L of 
Cyfra21.1. The relative standard deviations were 1.42 % and 1.79 % for 
detection of 5–50 ng/L of Cyfra21.1, respectively. These results sug
gested the acceptable satisfactory fabrication reproducibility and pre
cision of the immunosensor. The long time long-time stability of the 
immunosensor was also investigated by storing it in at 4 ◦C in refriger
ator. The response of the immunosensor for 50 ng/L of Cyfra21.1 after 
10 days was about 97 % of its initial response. For 5 ng/L of Cyfra21.1, 
the same stability was observed and after one week the immunosensor 
response was about 95.1 % of its initial response. Regeneration is a key 
factor for developing a practical immunosensor. After the immuno
sensor was used to detect Cyfra21.1, the modified electrode was treated 
with 3 M of urea solution for 30 min to dissociate detach the antigen- 
antibody linkage. After rinsing with distilled water, we used the re
generated immunosensors were used to detect the same Cyfra21.1 
concentration. The RSD of 1.54 % was obtained for four regenerated 

immunosensors at in the Cyfra21.1 concentration of 50 ng/L. The effect 
of Cyfra21.1concentration on reproducibility of the system was also 
investigated. In the presence of 5–50 ng/L of Cyfra21.1for four regen
erated immunosensors, the RSD were 1.99 % and 2.31 %, respectively. 
This result indicates indicated that the antibody has the same activity at 
in a wide concentration range of Cyfra21.1. 

4. Conclusion 

In this research, an innovative immunosensor (Cys-GA-anti- 
Cyfra21.1 antibody-BSA-Cyfra21.1 antigen/AuE) was successfully 
designed and developed to the detection and determination of the 
Cyfra21.1 biomarker in unprocessed human saliva sample towards early 
diagnosis of OC. The Au electrode was modified by Cys and GA 
respectively via self-assembly as a substrate to immobilize the biological 
agents. The engineered immunosensor exhibit the excellent ability to 
detect and determine of Cyfra21.1 biomarker in low concentrations of 
the desired biomarker in unprocessed human saliva sample. Under the 
optimized operating conditions, the results demonstrate that the desired 
platform has a good sensitivity detection of Cyfra21.1 with the low limit 
of quantitation (LLOQ) of 2.5 ng/mL, which this evaluation was per
formed at a wide linear range of 2.5− 50 ng/mL. 

The use of the CysA-GA nano-hybrid as extraordinary stable sub
strate and extensive platform to place recognition elements was inves
tigated using various electrochemical methods including CV, SWV. In 
this study, the engineered biosensor was used to non-invasive detection 
of Cyfra21.1 in unprocessed human saliva sample without the need to 
extra treatments. Based on the obtained results, CysA-GA-anti- 
Cyfra21.1-BSA-Cyfra21.1 antigen/AuE immunosensor with signifi
cantly high current intensity can provide appropriate, reliable, afford
able, quick, and user-friendly diagnostic device to monitoring oral 
abnormality by detection and determination of Cyfra21.1 biomarker in 
human real sample. Given the increasing importance of prevention, 
prognosis, and early-stage diagnosis of cancer in improving of survival 
rate, the use of diagnostic devices is essential. Above all, the easy to 
prepared designed immunosensor can be an extremely promising 
candidate to specific and favorable for a vast range of electrochemical 
immunosensing applications. 
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Fig. 12. A) SWVs of CysA-GA-anti-Cyfra21.1-BSA-Cyfra21.1 antigen/AuE immunosensor in the presence of BSA, PSA, CEA and mixture (BSA, PSA, CEA, Cyfra21.1) 
as interferer. B) Related histograms. All evaluation carried on 0.01 M [Fe (CN) 6]3-/4- solution containing KCl in potential range of -1 to +1 V. ([n = 3, Sd = 1.90], 
[n = 3, Sd = 1.71], [n = 3, Sd = 1.80], [n = 3, and Sd = 1.4], and [n = 3, Sd = 1.80], for (Cyfra21.1), (Cyfra21.1 + PSA), (Cyfra21.1 + CEA), (Cyfra21.1 + BSA, and 
(Cyfra21.1 + PSA + CEA + BSA), respectively). 
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