Electrocatalytically Amplified Aptasensing of HER2: Comparative Analysis of Redox-Labelled and Soluble Indicators Strategies
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Electrochemical biosensors have emerged as promising analytical platforms for the rapid and sensitive detection of clinically relevant biomarkers [1]. In this work, surface-confined and solution-phase electrocatalytic amplification strategies were directly compared for the detection of HER2/neu, a clinically relevant biomarker associated with aggressive breast cancers. Gold disk electrodes were modified with a mixed self-assembled monolayer consisting of a HER2-specific thiolated aptamer and a thiolated polyethylene glycol (PEG) antifouling layer. Besides minimizing non-specific adsorption, PEG suppressed ferricyanide electrochemistry, thereby enabling mediator-assisted signal amplification [2]. This concept was investigated using either methylene blue (MB) covalently tethered to the aptamer or freely diffusing positively charged mediators, namely methylene blue and ruthenium hexamine (RuHex).
In both configurations, the positively charged mediators promoted the electrocatalytic reduction of ferricyanide through electrostatic interactions with the negatively charged aptamer layer. HER2 binding further enhanced the electrocatalytic process, resulting in a concentration-dependent increase in the electrochemical response [3]. The analytical performance of the different amplification strategies was evaluated in buffer and diluted human serum using chronocoulometry.
All investigated platforms enabled HER2 quantification over the concentration range of 0.1 fM–1 pM in both buffer and diluted human serum. The aptamer-tethered MB configuration exhibited the highest analytical sensitivity, with calibration slopes of 0.587 ± 0.01 and 0.420 ± 0.02 µC fM⁻¹ in buffer and serum, respectively, together with calculated LODs of 0.12 fM and 0.54 fM. Although lower sensitivities were obtained for the solution-phase MB and RuHex systems, both approaches enabled HER2 detection within the femtomolar concentration range.
Overall, these findings demonstrate the effectiveness of electrocatalytic amplification for ultrasensitive HER2 detection and identify surface-confined redox mediators as a particularly promising strategy for improving aptasensor performance.
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