Nano-Engineered Electrified Interfaces Based on MXenes and Molecularly Imprinted Polymers for Selective Immunometabolic Biomarker Detection
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The immunometabolic axis represents a complex network connecting energy metabolism, glycemic regulation, oxidative stress, and inflammatory response [1]. Dysregulation of this axis plays a significant role in the pathogenesis of metabolic, cardiovascular, and endocrine-metabolic disorders [2]. Electrochemical sensing platforms represent promising tools for monitoring immunometabolic processes due to their miniaturization potential, low analysis cost, and compatibility with point-of-care systems. Particular attention is currently devoted to conductive nanomaterials capable of improving sensitivity, stability, and electron transfer efficiency in electrochemical sensing systems.
In this work, nano-engineered electrochemical sensing interfaces based on MXene nanomaterials and molecularly imprinted polymers (MIPs) were developed for selective detection of immunometabolic biomarkers. MXenes, a class of two-dimensional transition metal carbides and nitrides, are characterized by high electrical conductivity, large specific surface area, and abundant surface functional groups [3]. Integration of MXenes with MIP recognition layers enabled fabrication of highly conductive sensing interfaces with improved selectivity and analytical sensitivity.
The developed sensing strategy was focused on selective electrochemical detection of biomarkers associated with immunometabolic dysregulation, particularly abscisic acid (ABA), which acts as a regulatory signaling molecule involved in maintenance of metabolic homeostasis. ABA regulates glucose metabolism through activation of the LANCL2 receptor and AMPK signaling pathway. Disturbances in ABA signaling are associated with insulin resistance, chronic inflammation, and oxidative stress. The fabricated sensing platforms were characterized using cyclic voltammetry (CV), differential pulse voltammetry (DPV), and electrochemical impedance spectroscopy (EIS). Electrochemical studies confirmed enhanced charge transfer properties and high electroanalytical performance of MXene/MIP-modified interfaces. The proposed nano-engineered electrochemical platforms may provide new opportunities for sensitive monitoring of immunometabolic alterations with potential applications in biomedical diagnostics, inflammation monitoring, and early detection of metabolic disorders.
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