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The aim of this Special Issue, “Nanoparticles for cancer therapy”, was to offer readers a comprehensive and up-to-date insight into the various applications of nanoparticles in cancer treatments. Nanoparticles can vary in size between 1 and 100 nm [1], and may comprise diverse raw materials that are inorganic (e.g., silica, iron oxide, and carbon) or organic (e.g., polymers and liposomes). Nanoparticles can be designed with very large surface areas, resulting in them being widely used in clinical settings to deliver various diagnostic probes and therapeutic reagents [2]. Accumulation in the tumour area may be achieved passively via the enhanced permeability and retention (EPR) effect due to the fenestrated vasculature surrounding tumours [3]. Alternatively, “active” delivery may be achieved by the addition of targeting molecules to the surface, such as antibodies, aptamers, or peptides. Classical methods for evaluating nanoparticle systems include in vitro cell cultures, spheroids (avascular tumour models), and small animal models. However, computer simulation has also come to be another powerful evaluation tool with the help of machine learning (ML).



Nanoparticles present a promising system for the future of precision and personalised cancer therapy. In this Special Issue, we are pleased to present original research articles and literature reviews which discuss several topical areas within the field, such as synthesis and design, biotoxicity evaluation, and computer modelling of efficacy. One such innovative method to tackle the current obstacles of clinically applying photothermal therapy with nanoparticles was reported by Jeynes et al. [4]. This method was based on Monte Carlo simulations of photon radiative transfer and heat diffusions within tissues in skin cancer. Heat rise simulations were compared and validated with historical experimental data from the relevant literature. The link between heat rise and the concentration of nanorods was also estimated based on the proposed model. The cumulative equivalent minutes at 43 °C (CEM43) model was applied for the evaluation of cancer cell killing efficiency. Photothermal treatment computer modelling provides a powerful tool for thermal dosing characterisation.



A novel treatment for breast cancer was proposed using a chemotherapy–radiotherapy combined system based on chitosan nanoparticles [5]. The system was designed to target genomic instability linked to the spindle assembly checkpoint (SAC), which is a specific feature within breast cancer cells as well as many other types of cancer. The small-molecule inhibitor reversine was delivered into the cancer cells by chitosan nanoparticles. It was found to inhibit Mps1 and Aurora B, which could lead to mitosis, aneuploidy, and cell death with the concomitant use of X-ray irradiation. Assays confirmed that the cancer cell DNA damage and death was triggered by the reversine molecule, rather than the chitosan nanoparticle vector.



A further study investigated a novel marker for the targeted therapy of glioma [6]. The proton-coupled folate transporter (PCFT) was found to be expressed in Gl261 and A172 glioma cells. The transporter could be used for the selective enhanced uptake of folic acid (FA)-conjugated cytochrome c, containing nanoparticles which led to cell death. Astrocytes which do not express PCFT were unharmed. Thus, the identification of this specific marker provides a new route for treating glioblastomas, since more than a quarter of subtypes overexpressed PCFT and/or folate receptor 1 (FOLR1).



Upconverting nanoparticles (UCNPs) were explored in the article by Wysokińska et al. [7]. The bio-toxicity in macrophages was assessed for one of the most widely applied luminescent probes: NaGdF4:Yb3+,Er3+. Activated macrophages were treated with UCNPs of different sizes but the same zeta potential (c. −11 mV). Incubation with the UCNPs showed a decrease in mitochondrial potential and abnormal pro-apoptotic Bax and anti-apoptotic Bcl-2 regulation, irrespective of the size of the UCNPs. Furthermore, it was discovered that a reversal of the cell acidification that was caused by the UCNPs could avoid biotoxicity. Imaging and treatment were also reviewed in the article by Parodi et al. [8], who considered the application of albumin nanovectors, which was also selected as the Editor’s Choice. As one of the most promising vectors, albumin nanovectors showed tremendous superiority compared with other materials, especially in its biocompatibility, cost efficiency, and flexibility. There are at least seven albumin-specific receptors on cells, including Gp60, BM-40, Gp30, Gp18, and the neonatal Fc receptor for IgG (FcRn). There is also an abundance of reactive sites on albumin, which means that the vectors can be easily functionalised with multiple targeting moieties. Furthermore, albumin-based nanovectors may be administered by intravenous injection or inhalation.



Another system relied upon reactive oxygen species (ROS) as the agent to cause cancer cell death. α-Tocopheryl succinate (α-TOS)-based polymeric nanoparticles were reported by Sánchez-Rodríguez et al. [9] to be a potential treatment for head and neck squamous cell carcinomas. α-TOS-loaded particles generated the accumulation of reactive oxygen species (ROS) and thereby apoptosis in proliferating endothelial cells, which led to suppressed angiogenesis. Similar results were also validated within the in vitro 3D model. Moreover, the migration of hypopharynx carcinoma cells was shown to be inhibited by α-TOS-loaded NPs through the downregulation of the secretion of matrix metalloproteases 2 and 9 (MMP-2 and MMP-9).



A number of contributions discussed ways in which cancers could be treated by molecules or particles which were activatable. Bertrand et al. [10] discussed the use of the pH-sensitive pro-drug vorinostat, which was loaded into norbornenyl-poly(ethylene oxide) nanoparticles. They also used an innovative method to vectorise histone deacetylase inhibitors (HDACi) with the help of ring-opening metathesis polymerisation (ROMP). The drug could be efficiently released through pH-activated bond cleavage, greatly improving the anti-tumour effect compared with free drugs. An in vivo syngeneic model of mesothelioma in mice showed selective accumulation of the nanoparticles and a decrease in tumour weight of over 80% compared with the control group. The study by Rezaian et al. [11] compared carbon nanotubes (CNTs), fullerene, and graphene oxide (GO) as vectors for the pH-activated delivery and release of doxorubicin (DOX) and paclitaxel (PAX), with the help of N-isopropylacrylamide (PIN). CNTs were found to be the most suitable vectors combined with PIN, due to having the greatest efficiency of adsorption and release as well as superior stability.



A number of different nanoparticle activation methods were reviewed by White et al. [12]. The ability to control the release of therapeutic compounds results in nanoparticles which can deliver therapy more accurately to the required site of action, and therefore have better efficacy and reduced off-target effects. Six categories of activation methods were discussed: pH, enzymatic, concentration-dependent, ultrasound, magnetic field, and light. Irrespective of whether the activation was intrinsic or extrinsic, the goal was to enable control over the temporal and spatial release of the therapeutic compound in order to enhance specificity.



In conclusion, this Special Issue explored a number of innovative nanoparticle designs which could lead to new cancer treatments in the future. It is very encouraging to see progress in the understanding of applications as well as new designs and synthesis protocols, along with the evaluation of their efficacy and biotoxicity, both biologically and through computational models. Whilst a tremendous amount of progress has been made at the bench with regard to nanomedicine, it will now be necessary to move forwards with clinical studies. Only then will the potential of these treatments be truly realised.
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