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Aptamers are synthetic molecules of different natures (mostly, DNA or RNA) that recognize a target molecule with high affinity and specificity. Based on their peculiar properties, aptamers have the great potential to be the ideal solution to several problems covering a wide array of fields. Indeed, since the development of the systematic evolution of ligands by exponential enrichment (SELEX) procedure in the 1990s, several aptamers have been selected as biomedical agents or for the development of analytical methods. However, multiple challenges such as the optimization of selectivity, stability, delivery, and long-term safety, as well as reproducibility, still need to be addressed for a full exploitation of the enormous potential of aptamers. The purpose of this Special Issue is to provide an overview of all recent rapidly growing developments of the research in this field.



Despite promising results, a bottleneck is still the selection of high-quality aptamers against relevant targets. Recently, technological progress was implemented in the SELEX process to enhance the performance of aptamer discovery. In particular, HiTS-FLIP is a technique allowing several million DNA sequences to be analyzed in parallel and without bias thanks to the coupling of high-throughput sequencing with fluorescence-based affinity and specificity assays [1]. Likewise, the combined use of the Cell-SELEX technology and fluorescently labeled aptamers represents an advanced tool for the identification of molecular targets in their native state on whole live cells [2]. A great contribution can also be provided by the artificial intelligence methods that, by predicting the binding ability of aptamers, could help to rapidly identify the potential candidates from a vast number of sequences [3].



Understanding the mechanisms that govern the specificity and the high-affinity typical of the aptamer–target interactions is fundamental to improve the aptamer properties. In this context, a comprehensive analysis of the structure–activity relationship, which can rely on many structural techniques, is of a great value [4]. In particular, several studies allowed to identify the relationship between specific structural motifs and the stability and/or biological activity of the aptamers [5]. Moreover, the structural analyses also enable the comparison of the mode-of-action of the aptamers with respect to other natural or synthetic ligands, as well as the evaluation of peculiar allosteric effects that they can induce on the interacting target molecule [6].



The susceptibility to degradation by nucleases, fast renal clearance, low thermal stability, and the limited functional group diversity slow down the realization of promising aptamer applications as therapeutics at the clinical level. Diverse strategies can be applied in aptamer modification in the SELEX process or by post-SELEX procedures to overcome these drawbacks and to increase the binding affinity [4,7,8,9] or the selective delivery to specific cellular targets [10].



As concerns the roles of aptamers, numerous and varied are their applications in the therapeutic [6,7,8,9,11,12] and diagnostic [2,9,13] fields. For example, various aptamers that modulate the blood coagulation pathway, exhibiting the ability to treat cardiovascular diseases, blood disorders, and cancers, have been selected, studied, and modified [6,7,8,11]. Promising results have also been obtained using a complex formed by a DNA aptamer and vitamin C in the treatment of cognitive impairments associated with the vascular dementia [12]. Furthermore, the selection of aptamers able to recognize different pathogens could inspire aptamer-functionalized tools for the fast diagnosis of infections and/or the fluid filtration [13]. Finally, potential applications of aptamers for personalized gene therapy have recently been proposed including the use of functional RNA aptamers containing both lipid raft-targeting motif and a therapeutic motif to selectively introduce RNAs into exosomes [10].



The collection of papers and reviews presented in this Special Issue provides interesting examples of the novel and unique achievements about aptamers that are being discovered day-by-day.






Author Contributions


Writing—original draft preparation, R.T.; writing—review and editing, F.S. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Drees, A.; Fischer, M. High-Throughput Selection and Characterisation of Aptamers on Optical Next-Generation Sequencers. Int. J. Mol. Sci. 2021, 22, 9202. [Google Scholar] [CrossRef] [PubMed]

	



Raber, H.F.; Kubiczek, D.H.; Bodenberger, N.; Kissmann, A.-K.; D’souza, D.; Xing, H.; Mayer, D.; Xu, P.; Knippschild, U.; Spellerberg, B.; et al. FluCell-SELEX Aptamers as Specific Binding Molecules for Diagnostics of the Health Relevant Gut Bacterium Akkermansia Muciniphila. Int. J. Mol. Sci. 2021, 22, 10425. [Google Scholar] [CrossRef]

	



Chen, Z.; Hu, L.; Zhang, B.-T.; Lu, A.; Wang, Y.; Yu, Y.; Zhang, G. Artificial Intelligence in Aptamer–Target Binding Prediction. Int. J. Mol. Sci. 2021, 22, 3605. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, N.; Chen, Z.; Liu, D.; Jiang, H.; Zhang, Z.-K.; Lu, A.; Zhang, B.-T.; Yu, Y.; Zhang, G. Structural Biology for the Molecular Insight between Aptamers and Target Proteins. Int. J. Mol. Sci. 2021, 22, 4093. [Google Scholar] [CrossRef] [PubMed]

	



Kotkowiak, W.; Pasternak, A. Beyond G-Quadruplexes—The Effect of Junction with Additional Structural Motifs on Aptamers Properties. Int. J. Mol. Sci. 2021, 22, 9948. [Google Scholar] [CrossRef]

	



Troisi, R.; Balasco, N.; Autiero, I.; Vitagliano, L.; Sica, F. Exosite Binding in Thrombin: A Global Structural/Dynamic Overview of Complexes with Aptamers and Other Ligands. Int. J. Mol. Sci. 2021, 22, 10803. [Google Scholar] [CrossRef] [PubMed]

	



Riccardi, C.; Meyer, A.; Vasseur, J.-J.; Cavasso, D.; Russo Krauss, I.; Paduano, L.; Morvan, F.; Montesarchio, D. Design, Synthesis and Characterization of Cyclic NU172 Analogues: A Biophysical and Biological Insight. Int. J. Mol. Sci. 2020, 21, 3860. [Google Scholar] [CrossRef] [PubMed]

	



Pérez de Carvasal, K.; Riccardi, C.; Russo Krauss, I.; Cavasso, D.; Vasseur, J.-J.; Smietana, M.; Morvan, F.; Montesarchio, D. Charge-Transfer Interactions Stabilize G-Quadruplex-Forming Thrombin Binding Aptamers and Can Improve Their Anticoagulant Activity. Int. J. Mol. Sci. 2021, 22, 9510. [Google Scholar] [CrossRef] [PubMed]

	



Basu, D.; Chakraborty, S.; Pal, R.; Sharma, T.K.; Sarkar, S. Identification and Engineering of Aptamers for Theranostic Application in Human Health and Disorders. Int. J. Mol. Sci. 2021, 22, 9661. [Google Scholar] [CrossRef] [PubMed]

	



Mańka, R.; Janas, P.; Sapoń, K.; Janas, T.; Janas, T. Role of RNA Motifs in RNA Interaction with Membrane Lipid Rafts: Implications for Therapeutic Applications of Exosomal RNAs. Int. J. Mol. Sci. 2021, 22, 9416. [Google Scholar] [CrossRef] [PubMed]

	



Liu, M.; Zaman, K.; Fortenberry, Y.M. Overview of the Therapeutic Potential of Aptamers Targeting Coagulation Factors. Int. J. Mol. Sci. 2021, 22, 3897. [Google Scholar] [CrossRef]

	



Lee, J.-M.; Lee, J.-H.; Song, M.-K.; Kim, Y.-J. NXP031 Improves Cognitive Impairment in a Chronic Cerebral Hypoperfusion-Induced Vascular Dementia Rat Model through Nrf2 Signaling. Int. J. Mol. Sci. 2021, 22, 6285. [Google Scholar] [CrossRef] [PubMed]

	



Krämer, M.; Kissmann, A.-K.; Raber, H.F.; Xing, H.; Favella, P.; Müller, I.; Spellerberg, B.; Weil, T.; Kubiczek, D.; Sihler, S.; et al. BSA Hydrogel Beads Functionalized with a Specific Aptamer Library for Capturing Pseudomonas Aeruginosa in Serum and Blood. Int. J. Mol. Sci. 2021, 22, 11118. [Google Scholar] [CrossRef] [PubMed]












	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  ijms-23-04796


  
    		
      ijms-23-04796
    


  




  





media/file0.png





