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Editorial on the Research Topic 
Nanotechnology for Precision Cancer Therapy: Advances in Gene Therapy, Immunotherapy, and 3D Bioprinting

Cancer is a significant health hazard of the 21st century, and Global Observatory of Cancer (GLOBOCAN) predicts increasing cancer incidence in the coming years. Nanotechnology has sparked a rapidly growing interest in cancer nanomedicine, promising to solve several issues associated with conventional therapeutic agents, including their poor water solubility, cargo degradation, nonspecific distribution, lack of release at the tumor site, systemic toxicity, and low therapeutic index. Thus, this Frontiers Research Topic brings relevant contributions to nanobiotechnology for cancer therapies, associating biotechnologies in genetic, epigenetic, proteomic, immunotherapy and 3D-bioprinting to current nanotechnologies tools.
Circulating tumor DNA (ctDNA) represents an emerging biomarker of liquid biopsies, contributing to the development of translational medicine for early diagnosis, therapeutic effect monitoring, and patient’s prognosis with cancer (Reinert et al., 2018). However, sensitive detection of ctDNA remains a challenge, due to their short half-life and low concentrations in blood samples. Miao et al. reported a new method to address this challenge by integrating cycled enzymatic DNA amplification technique and Au nanoparticle@silicon-assisted surface-enhanced Raman scattering (SERS) technique, demonstrating the ultra-high sensitivity and specificity of the method.
RNA interference (RNAi), a post-transcriptional gene regulation mechanism, has significantly obtained high attention in cancer therapy as result of its precision to multi-targeted gene silencing. However, its direct administration has not been fruitful due to inherent lower half-lives and instability in the biological systems. Swaminathan et al. highlighted different types of nanotechnology-based delivery strategies for engineering nano-RNAi-based bio drugs, which are entering the preclinical and clinical evaluation. Promising results indicate these new combinatorial therapies can successfully and safely be used to inhibit target genes in cancer patients, shaping the future for next generation cancer therapeutics. Al-Sowayan and Al-Shareeda discussed the advantages of establishing a nanogenomics-artificial intelligence-based breast cancer diagnostic approach, compared to the gold standard radiology- or histology-based methods that are currently being adapted to artificial intelligence. Furthermore, they highlighted advantages of building the diagnostic and prognostic biomolecular profiles for breast cancers based on the exosome encapsulated content, instead of the free circulating microRNA and other biomolecules.
Brar et al. focused on the recent advancement of nanotechnology to colorectal cancer (CRC) diagnosis and treatment. The application of light-sensitive photosensitizer drugs loaded gold and silica nanoparticles can be successfully used for CRC diagnosis and targeted delivery of anti-cancer drugs to kill CRC cells. In addition, Perumal et al. discussed the presence of gut microbiota influences the route of biomarker detection and the route of the interaction of nanoparticle/drug complexes with target cells. Thereby, the development of nanoparticles with appropriate sizes, morphologies, chemical compositions and concentrations might overcome this fundamental barrier for the CRC diagnosis and treatment.
Nanotechnology can be a powerful approach to overcome the hydrophobicity and low aqueous solubility issues of anti-parasite/worm drugs such as the benzimidazole (BMZ) family. Movahedi et al. developed a nanocrystal lipid-coated calcium phosphate system, which enhance BMZ solubility, specifically targeting melanoma cells, as an optimistic anti-cancer therapy. Silva et al. established a new third-generation photosensitizer, consisting in hybrid nanostructures of lipid carriers coated with porphyrin-chitosan. They demonstrated that physical and chemical properties of nanoparticles are relevant to improve the porphyrin photodynamic activity in bladder cancer cells.
Among different cancers, lung tumors has low response to therapy and new therapeutic approaches have been developed, especially against primary tumors and secondary lung metastasis (Howlader et al., 2020). Donkor and Jones explored the pulmonary route as an attractive drug delivery pathway to treat lung tumors and discuss the potential of nanotechnology to delivery cancer vaccine vectors to prevent the seeding of tumors in the lung. Ahmad et al. reviewed the interactions between an approved cancer nanomedicine with tumor microenvironment immunology and discussed the challenges that need to be addressed for the full clinical potential of ongoing cancer nanomedicines despite the encouraging preclinical data.
Recently, spheroids and organoids have been largely explored as 3D solid tumor models for recreating in vitro tumorigenesis, being considered as suitable models for drug assessment and high-throughput screening (Jensen and Teng, 2020). The main advantages of 3D bioprinting are its ability to engineer complex and controllable 3D tissue models in a higher resolution (Datta et al., 2018). Although 3D bioprinting represents a promising technology, main challenges need to be addressed to improve the results in cancer research. Kronemberger et al. explored the principal cell components and extracellular matrix composition to reconstruct the solid tumor’s microenvironment, the recapitulation of in vitro tumorigenesis through spheroids and organoids 3D models as well as the opportunities, challenges, and applications of 3D bioprinting in cancer research.
Overall, this collection of articles covers recent advances and contributes to the research topic with innovative designs and concepts in multifunctional and intelligent nanomedicine. The bio-nano engineered approach is not only the key strategy to overcome the intrinsic limitations of nanomaterials but also providing new aspects of the nanotechnology role in diagnostic, delivering drugs for enhancing the cancer therapy, as well as reducing drugs side effects. Therefore, nanotechnology is a promising approach to offer new opportunities of patient’s treatment against cancer. The editors hope that the selected articles on this Research Topic will inspire future work to further advance to drug delivery through specific nanomaterials at the tumor sit, offering an efficient and personalized cancer therapy. In addition, nanotechnology could motivate basic and clinical research and industry support to accelerate the clinical trials implementation and approval in this field.
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