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Editorial on the Research Topic 
Smart nanomaterials for biosensing and therapy applications, volume II


Early diagnosis and effective treatment of diseases are key to improving people’s health levels (Yi et al., 2022; Zhang et al., 2022; Zheng et al., 2022; Yuan et al., 2023; Liu et al., 2024). However, there are still some problems in early diagnosis and efficient treatment, such as: 1) how to more sensitively measure disease markers to achieve early diagnosis of diseases, 2) how to make drugs effectively reach the lesion site and achieve efficient treatment? The effective resolution of the above problems will greatly promote the development of life sciences and medicine. Smart nanomaterials have been widely used in biomedical engineering and biotechnology due to their excellent physical, chemical, and biological properties, especially in the fields of biosensors and therapies (Huang et al., 2020; Chen et al., 2021a; Chen et al., 2021b; Huang et al., 2022; Yang et al., 2023; Luo et al., 2023; Thatte et al., 2023). Therefore, smart nanomaterials are expected to be used for early diagnosis of diseases and efficient treatment of diseases.
In order to present the most advanced research in this field, we have launched a Research Topic on “Smart Nanomaterials for Biosensing and Therapy Applications” in the “Frontiers in Bioengineering and Biotechnology”. This Research Topic has been published in two Research Topic. The first Research Topic has a total of 21 articles published in this Research Topic, including one editorial article, 11 original research articles, seven review articles, and two mini review articles. The second Research Topic has 10 articles published in this Research Topic, including eight original research articles, one review article, and one mini review article. The main content of the second Research Topic includes the application of smart nanomaterials in fields such as fluorescent probes, electrochemical sensors, tumor therapy, Parkinson’s disease treatment, and so on.
As is well known, high-performance early-diagnosis’ methods are key to disease prevention (Mei et al., 2022a; Mei et al., 2022b; He et al., 2022; Liao et al., 2023; Pourmadadi et al., 2023). Fluorescent probes and electrochemical sensors have played important roles in early disease detection. Chen et al. successfully prepared a near-infrared (NIR) fluorescent probe QSN based on a quinolone scaffold, which has strong photostability, large Stokes shift, and cell membrane targeting ability. After transplantation, human neural stem cells labeled with QSN are retained in the striatum of the mouse brain for at least 6 weeks, indicating the excellent application prospects of QSN in tracking ultra long term transplanted cells. As a member of smart nanomaterials, metal-organic frameworks/metal nanoparticles (MOFs/MNPs) have excellent chemical, physical, and biological properties, and have been widely used in electrochemical sensors. Jiang et al. reviewed the application of MOFs/MNPs-based composite materials in electrochemical sensors, providing some reference for the future development of electrochemical sensors based on MNPs/MOFs smart nanomaterials.
Currently, cancer is one of the deadliest diseases, accounting for one-sixth of global deaths, and it is an urgent health Research Topic that requires attention (Arnold et al., 2022; Song et al., 2023; Yang et al., 2023). Traditional methods for treating cancer include surgical resection, radiation therapy, and chemotherapy (CDT). However, traditional treatment methods have not been able to cure cancer well, so there is an urgent need to improve traditional methods or combine them with other methods to achieve cancer treatment. The emergence of smart nanomaterials not only promotes the development of traditional cancer methods, but also brings some new treatment technologies, such as photothermal therapy, photoacoustic therapy, photodynamic therapy (PDT), and so on, which will promote the development of cancer treatment. The second Research Topic of this Research Topic also published some latest achievements on the application of smart nanomaterials in cancer treatment.
Cisplatin (CDDP) drugs can act by interacting with DNA, leading to DNA damage and subsequent cell apoptosis, thereby achieving cancer treatment. However, the presence of intracellular PARP1 (Poly (ADP-ribose) polymerase 1) reduces the anti-cancer efficacy of CDDP by repairing DNA strands. Olaparib (OLA) enhances the accumulation of DNA damage by inhibiting its repair, effectively enhancing the sensitivity of CDDP chemotherapy and improving treatment outcomes. However, the CDDP and OLA drugs suffer from poor water solubility and limited tumor targeting ability. To overcome the above difficulties, Zhang et al. proposed the self-assembly of CDDP and OLA through hydrogen bonding to form stable and uniform nanoparticles. The modification scheme can improve the water solubility of two drugs, eliminate the need for exogenous carriers, and achieve targeted delivery to the tumor site through enhanced permeability and retention effect. These enhanced functions improve characteristics, promote cancer cell apoptosis, and minimize harmful effects on normal cells. The acidic tumor microenvironment disrupts hydrogen bonds, leading to the release of free CDDP and OLA. CDDP has the ability to induce DNA damage and initiate the process of cell apoptosis, while OLA enhances the anti-cancer sensitivity of CDDP by inhibiting PARP1 activity, thereby reducing the repair of damaged DNA and improving the efficacy of tumor treatment.
The construction of nanomedicine systems has always been a key factor affecting the effectiveness of nanomedicine in tumor treatment (Chen et al., 2022; Zhou et al., 2022; Wang et al., 2023a; Wang et al., 2023b). Zhang et al. successfully summarized the advantages and disadvantages of nanomedicine systems currently used for the treatment and diagnosis of esophageal cancer, and proposed multiple excellent suggestions for the development of nanomedicine systems in the future. Lv et al. have successfully prepared Fe@PCN-224@hyaluronic acid smart nanomaterial and used the smart nanomaterial to load sulfasalazine drug for the combined treatment of tumors with PDT and CDT (Lv et al.). This smart nanomaterial can effectively regulate mitochondria, reduce the tolerance of tumor cells to combination therapy, induce tumor cell apoptosis, and accelerate cancer treatment. Wang et al. designed a novel reactive oxygen species-sensitive polymeric prodrug micelle (Ce6@PTP/DP) with high drug-loading capacity and self-amplified drug release. The multidrug delivery system comprised three parts: a ROS-sensitive polymeric prodrug methoxyl poly (ethylene glycol)-thioketal-paclitaxel (mPEG-TK-PTX, PTP), DSPE-mPEG (DP), and a traditional photosensitizer of chlorin e6 (Ce6). The Ce6@PTP/DP prodrug micelles exhibit good colloidal stability and biocompatibility, with PTX and Ce6 loading amounts reaching 21.7% and 7.38%, respectively. Under light irradiation, ingested by tumor cells Ce6@PTP/DPmicelles can generate sufficient ROS, which can not only achieve photodynamic therapy and inhibit tumor cell proliferation, but also trigger local PTX release and methoxy polyethylene glycol by breaking down the thiol ketone bridge bond between PTX. In addition, compared to single drug loaded micelles, light triggered Ce6@PTP/DP micelles exhibit self amplifying drug release and significantly greater inhibition of HeLa cells growth. Therefore, the Ce6@PTP/DP micelles represent an alternative for realizing synergistic chemo-photodynamic therapy. Wang et al. utilized baicalin (BA) and polyethyleneimine (PEI) through condensation reaction to prepare BA-PEI nanocomposites with effective gene delivery and perfect transfection performance, including charge regulation, hydrophobic modification, and functional modification. BA-PEI nanocomposites can effectively load miR-34a, thereby constructing a new type of nanotherapy system. miR-34a can synergistically exert anti-tumor effects with BA to enhance the therapeutic effect, which provided a new method for gene therapy based on miR-34a.
In addition to being applied in cancer treatment, the application of smart nanomaterials in the treatment of other diseases has also received much attention. Li et al. constructed an antibacterial nanomaterial that combines photothermal effect and peroxidase like activity ZIF-8@PDA@PtNPs combines photothermal antibacterial and free radical antibacterial strategies to achieve efficient synergistic antibacterial activity (Li et al.). By in-situ polymerization, a polydopamine (PDA) layer with excellent photothermal effect was encapsulated on the surface of ZIF-8, and then platinum nanoparticles (PtNPs) with peroxidase like activity were grown on the PDA layer. The synergistic effect of the two produces efficient antibacterial activity: The obtained nano antibacterial agent not only efficiently catalyzes the generation of ROS from H2O2, causing damage to bacteria, but also converts the photon energy of near-infrared light into thermal energy to kill bacteria. Deng et al. have prepared a biological nanomaterial composed of Fibrinogen-Thrombin-Genipin, which can effectively repair defects in the annulus fibrosus (AF) of the scaffold in rats’ model, providing a therapeutic alternative for repairing AF tears (Deng et al.). Xu et al. constructed a ternary nanoenzyme PtCuSe smart nanomaterial as a cascade catalyst for the treatment of Parkinson’s disease (PD) (Xu et al.). This smart nanomaterial was used as a ROS scavenger both in vitro and in vivo, effectively alleviating oxidative damage and inflammatory reactions in nerve cells, and significantly alleviating behavioral and pathological symptoms in PD mouse models.
The application of intelligent nanomaterials in biosensing and therapy is still of great concern. Therefore, in order to get the latest achievements in this field, the Research Topic will launch the third Research Topic, entitled “Smart Nanomaterials for Biosensing and Therapy Applications, Volume III”, welcome to submit and share your latest research.
AUTHOR CONTRIBUTIONS
JL: Writing–original draft. MY: Writing–review and editing. ZX: Writing–review and editing. YZ: Writing–review and editing. ZW: Writing–review and editing. QH: Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
ACKNOWLEDGMENTS
We very much appreciate the contributions of all authors to this Research Topic and are grateful for the time and dedication of those who contributed to the peer review process.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Arnold, M., Morgan, E., Rumgay, H., Mafra, A., Singh, D., Laversanne, M., et al. (2022). Current and future burden of breast cancer: global statistics for 2020 and 2040. Breast 66, 15–23. doi:10.1016/j.breast.2022.08.010
 Chen, Z., Liao, T., Wan, L., Kuang, Y., Liu, C., Duan, J., et al. (2021a). Dual-stimuli responsive near-infrared emissive carbon dots/hollow mesoporous silica-based integrated theranostics platform for real-time visualized drug delivery. Nano Research 14 (11), 4264–4273. doi:10.1007/s12274-021-3624-4
 Chen, M., Wang, Z., Zhang, Q., Wang, Z., Liu, W., Chen, M., et al. (2021b). Self-powered multifunctional sensing based on super-elastic fibers by soluble-core thermal drawing. Nature Communications 21 (1), 1416. doi:10.1038/s41467-021-21729-9
 Chen, L., Huang, J., Li, X., Huang, M., Zeng, S., Zheng, J., et al. (2022). Progress of nanomaterials in photodynamic therapy against tumor. Frontiers in Bioengineering and Biotechnology 10, 920162. doi:10.3389/fbioe.2022.920162
 He, C., Lin, X., Mei, Y., Luo, Y., Yang, M., Kuang, Y., et al. (2022). Recent advances in carbon dots for in vitro/Vivo fluorescent bioimaging: a mini-review. Front. Chem. 10, 905475. doi:10.3389/fchem.2022.905475
 Huang, Q., Lin, X., Tong, L., and Tong, Q. -X. (2020). Graphene quantum dots/multiwalled carbon nanotubes composite-based electrochemical sensor for detecting dopamine release from living cells. ACS Sustainable Chemistry & Engineering 8 (3), 1644–1650. doi:10.1021/acssuschemeng.9b06623
 Huang, Q., Lin, X., Chen, D., and Tong, Q. -X. (2022). Carbon Dots/α-Fe2O3-Fe3O4 nanocomposite: efficient synthesis and application as a novel electrochemical aptasensor for the ultrasensitive determination of aflatoxin B1. Food Chemistry 373, 131415. doi:10.1016/j.foodchem.2021.131415
 Liao, C., Chen, X., Nachod, B. E., and Fu, Y. (2023). Salivary analysis: an emerging paradigm for non-invasive healthcare diagnosis and monitoring. Interdisciplinary Medicine 1 (3), e20230009. doi:10.1002/INMD.20230009
 Liu, C., Lin, X., Liao, J., Yang, M., Jiang, M., Huang, Y., et al. (2024). Carbon dots-based dopamine sensors: recent advances and challenges. Chinese Chemical Letters . doi:10.1016/j.cclet.2024.109598
 Luo, X., Liu, J., Sun, C., Zhang, F., Yu, W., Jiang, B., et al. (2023). Red-Emissive carbon dots combined with ferric ions for detection of total antioxidant capacity in food. ACS Appl. Nano Mater. 6 (15), 14332–14342. doi:10.1021/acsanm.3c02323
 Mei, Y., He, C., Zeng, W., Luo, Y., Liu, C., Yang, M., et al. (2022a). Electrochemical biosensors for foodborne pathogens detection based on carbon nanomaterials: recent advances and challenges. Food Bioprocess Technol. 15 (3), 498–513. doi:10.1007/s11947-022-02759-7
 Mei, Y., Lin, X., He, C., Zeng, W., Luo, Y., Liu, C., et al. (2022b). Recent progresses in electrochemical DNA biosensors for SARS-CoV-2 detection. Front. Bioeng. Biotechnol. 10, 952510. doi:10.3389/fbioe.2022.952510
 Pourmadadi, M., Rahmani, E., Rajabzadeh-Khosroshahi, M., Samadi, A., Behzadmehr, R., Rahdar, A., et al. (2023). Properties and application of carbon quantum dots (CQDs) in biosensors for disease detection: a comprehensive review. J. Drug Deliv. Sci. Technol. 80, 104156. doi:10.1016/j.jddst.2023.104156
 Song, Z., Zhao, L., Fang, W., Guo, S., Xu, A., Zhan, Z., et al. (2023). Glioma cell membrane camouflaged cinobufotalin delivery system for combinatorial orthotopic glioblastoma therapy. Nano Res. 16 (8), 11164–11175. doi:10.1007/s12274-023-5807-7
 Thatte, A. S., Hamilton, A. G., Nachod, B. E., Mukalel, A. J., Billingsley, M. M., Palanki, R., et al. (2023). mRNA lipid nanoparticles for ex vivo engineering of immunosuppressive T cells for autoimmunity therapies. Nano Lett. 23 (22), 10179–10188. doi:10.1021/acs.nanolett.3c02573
 Wang, Y., Qiao, W., Zhao, Z., Zhao, Z., and Li, M. (2023a). Preparation of two-dimensional porphyrin-based MOFs/derivatives and their potential in sensing and biomedical applications. Interdisciplinary Medicine 1 (3), e20230010. doi:10.1002/INMD.20230010
 Wang, Y., Zhan, J., Huang, J., Wang, X., Chen, Z., Yang, Z., et al. (2023b). Dynamic responsiveness of self-assembling peptide-based nano-drug systems. Interdisciplinary Medicine 1 (1), e20220005. doi:10.1002/INMD.20220005
 Yang, Y., Guan, S., Ou, Z., Li, W., Yan, L., Situ, B., et al. (2023). Advances in AI-based cancer cytopathology. Interdisciplinary Medicine 1 (3), e20230013. doi:10.1002/INMD.20230013
 Yi, X., Zeng, W., Wang, C., Chen, Y., Zheng, L., Zhu, X., et al. (2022). A step-by-step multiple stimuli-responsive metal-phenolic network prodrug nanoparticles for chemotherapy. Nano Research 15 (2), 1205–1212. doi:10.1007/s12274-021-3626-2
 Yuan, M., Chen, T., Jin, L., Zhang, P., Xie, L., Zhou, S., et al. (2023). A carrier-free supramolecular nano-twin-drug for overcoming irinotecan-resistance and enhancing efficacy against colorectal cancer. Journal of Nanobiotechnology 21 (1), 393. doi:10.1186/s12951-023-02157-x
 Zhang, R., Zheng, Y., Liu, T., Tang, N., Mao, L., Lin, L., et al. (2022). The marriage of sealant agent between structure transformable silk fibroin and traditional Chinese medicine for faster skin repair. Chinese Chemical Letters 33 (3), 1599–1603. doi:10.1016/j.cclet.2021.09.018
 Zheng, Y., Omar, R., Zhang, R., Tang, N., Khatib, M., Xu, Q., et al. (2022). A wearable microneedle-based extended gate transistor for real-time detection of Sodium in interstitial fluids. Advanced Materials 34 (10), 2108607. doi:10.1002/adma.202108607
 Zhou, M., Wen, L., Wang, C., Lei, Q., Li, Y., and Yi, X. (2022). Recent advances in stimuli-sensitive amphiphilic polymer-paclitaxel prodrugs. Frontiers in Bioengineering and Biotechnology 10, 875034. doi:10.3389/fbioe.2022.875034
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Liao, Yuan, Xu, Zheng, Wang and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Smart nanomaterials for biosensing and therapy applications, volume II		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Bioengineering and Biotechnology






OPS/images/logo.jpg
P frontiers | Frontiers i

Bioengineering and Biotechnology





