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1            Introduction 

 The possibility of performing reliable cancer diagnosis even before any symptom of 
disease appears is crucial for increasing therapeutic treatment success and patient 
survival rates [ 1 ]. During the last decade, improved understanding of carcinogenesis 
and tumor progression has revealed a large number of potential tumor markers. 
Vascular endothelial growth factor (VEGF) is referred to a family of homodimeric 
glycoproteins which are involved in the development of the blood vascular system 
(vasculogenesis), of the lymphatic system (lymphangiogenesis), in the formation of 
new blood vessels from pre-existing one (angiogenesis), and in the vascularization 
of tumor. VEGF level has been extensively used as biomarker associated with diag-
nosis and prognosis of different cancer disease [ 2 ]. 

 Different detection methods such as enzyme-linked immunosorbent assays 
(ELISA) and immunohistochemistry have been used for VEGF quantifi cation. 
Nevertheless these methods do not satisfy the rapidity requirement and the necessity 
to use simple instrumentation for point of care diagnostics [ 3 ]. In this context, rapid 
non-immunochemical sensors based on electrochemical methods that can use aptam-
ers are emerging. In this work, simple and sensitive approach for VEGF detection 
using antibody-aptamer assay and screen-printed cells as transducers is presented.  
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2     Materials and Methods 

 11-Mercaptoundecanoic acid (MUDA), 6-mercapto-1-hexanol (MCH), diethanol-
amine (DEA), 1-naphthyil phosphate, streptavidin-alkaline phosphatase, ethanol-
amine (EA), human vascular endothelial growth factor (VEGF), and anti-VEGF 
antibody were obtained from Sigma-Aldrich (Milan, Italy). 

 Aptamer used in this work [ 5 ] was purchased from MWG Biotech, Germany: 
 5′-GGGCCCGTCCGTATGGTGGGTGTGCTGGCCTTTTTTTTTTTTTTT(45) 

3′-Biot. 
 All chemicals were used as received without any further purifi cation. Milli-Q 

water was used throughout this work. 
 Electrochemical experiments were performed in a digital potentiostat/galvano-

stat Autolab PGSTAT 30(2)/FRA2 controlled with the General Purpose 
Electrochemical System (GPES) and Frequency Response Analyzer (FRA2) 4.9 
software (Eco Chemie, Utrecht, The Netherlands). The immunosensor was assem-
bled using screen-printed cells, comprising of gold working electrode (2.5 mm in 
diameter), counter graphite electrode, and a pseudo-silver [ 4 ]. 

 Differential pulse voltammetry (DPV) was performed using the following 
parameters: potential range: −0.2 V to +0.5 V; pulse amplitude 0.070 V; and scan 
rate 0.033 V s −1 . The measurements were carried out at room temperature.  

3     Experimental Procedure 

 The scheme of antibody-aptamer assay developed for the detection of VEGF tumor 
marker was shown in Fig.  1 .  

  Fig. 1    Schematic representation of antibody-aptamer sandwich assay for VEGF detection       
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 Firstly, 11-mercaptoundecanoic acid (MUDA) was immobilized on the gold 
working electrode surface of screen-printed cell followed by a blocking step with 
6-mercapto-1-exanhol. After the activation of –COOH groups by EDAC/NHS solu-
tion, incubation step with anti-VEGF antibody was performed. Then, the unreacted 
–COOH groups were blocked with ethanolamine (EA), and the sensor was incu-
bated with VEGF protein buffered solution at different concentration. The sandwich 
assay was later completed by interaction with anti-VEGF biotinylated aptamer. 
Streptavidin-alkaline phosphatase was incubated at the end with the sensor. 

 Finally, 50 μL of 1-naphthyl phosphate was placed on the screen-printed cell for 
6 min and then DPV measurements were carried out. 

3.1     Results and Discussion 

 Calibration curve for the determination of VEGF protein in buffered solutions by 
antibody-aptamer assay was reported in Fig.  2 .

   A linear correlation between the current and the VEGF concentration in the 
range of 0–0.4 ng mL −1  was obtained. The assay was repeated in order to evaluate 
the reproducibility; at this purpose, three repetitions of each standard solution were 
carried out. The average coeffi cient of variation was 10 %, calculated as mean of all 
the concentrations considered. The limit of detection (LOD), calculated by the ratio 
between three times the deviation standard of blank and the slope of calibration 
curve (3S blank /S slope ), was 0.1 ng mL −1 .   

  Fig. 2    Calibration curve for 
VEGF buffered solutions       
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4     Conclusion 

 In this work, simple and sensitive approach for VEGF detection using antibody-
aptamer assay and gold screen-printed electrodes as transducers is presented. The 
assay was performed in a sandwich format. The proposed assay shows a linear cali-
bration curve in the range of 0–0.4 ng mL −1  with a LOD of 0.1 ng mL −1 .     
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