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With the rapid innovation of nanoscience and technology, nanomaterials have also been deeply applied in the medical and health industry and become one of the innovative methods to treat many diseases. In recent years, bioactive nanomaterials have attracted extensive attention and have made some progress in the treatment of some major chronic diseases, such as nervous system diseases and various malignant tumors. Bioactive nanomaterials depend on their physical and chemical properties (crystal structure, surface charge, surface functional groups, morphology, and size, etc.) and direct produce biological activity and play to the role of the treatment of diseases, compared with the traditional nanometer pharmaceutical preparations, biological active nano materials don’t exert effects through drug release, way more directly, also is expected to be more effective for the treatment of diseases. However, further studies are needed in the evaluation of biological effects, fate in vivo, structure-activity relationship and clinical transformation of bionanomaterials. Based on the latest research reports, this paper reviews the application of bioactive nanomaterials in the diagnosis and treatment of major chronic diseases and analyzes the technical challenges and key scientific issues faced by bioactive nanomaterials in the diagnosis and treatment of diseases, to provide suggestions for the future development of this field.
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1 INTRODUCTION
Nanomaterials are short for nanoscale structural materials. In a narrow sense, they refer to solid materials composed of nanoparticles with a size of no more than 100 nm, and in a broad sense, they refer to all kinds of solid ultra-fine materials with at least one dimension of the three-dimensional spatial scale of microstructure in the nanometer scale (1–100 nm) (Cheng et al., 2020). Nanotechnology is a comprehensive subject with strong intersection, and the research content involves a broad field of modern science and technology, from microtechnology including microelectronics to nanotechnology. Human beings are becoming more and more in-depth to the microscopic world, and the level of people’s understanding and transformation of the microscopic world has increased to an unprecedented height. At present, nanotechnology has included nano-electronics, nano-mechanics, nanomaterials science, nano-chemistry, nano-biology, and other disciplines. With the continuous research and development of nanoscience and technology, it has been widely used in energy and environment, electronics and information, medicine, and health (Zheng et al., 2015; Li et al., 2017a; Kumawat et al., 2017), etc., and has a profound impact on the rapid development of related industries. Biological detection, drug delivery, and disease diagnosis and prevention have become the research hotspots of nanoscience in the field of health care. Currently, ph-responsive, and enzyme-responsive nanomaterials, which are widely used in targeted drug delivery and controlled drug release (Zhao et al., 2021), are materials that can change their physical and chemical properties (such as surface charge and chemical structure) in response to external stimuli such as light and heat, reactive oxygen species (ROS) levels, and pH changes. In recent years, bioactive nanomaterials have attracted extensive attention and attention. Bioactive nanomaterials are bioactive nanomaterials that interact with proteins, cells or tissues in vivo and cause biological reactions depending on their physical and chemical properties (crystal structure, surface charge, surface functional group, morphology and size, etc.) (Zhou et al., 2019a; Xu et al., 2021). Since Larry Hench in the 60 s of last century Since the concept of bioactive materials was first proposed in the 1960s by discovering that bioactive glass can closely integrate with the surrounding bone tissue at the interface (Henchll, 2002), bioactive nanomaterials have been developed with nanoscale size and precise structure, which enable them to accurately regulate the interaction between materials and biological systems, and thus exhibit unique biological activities (Islam et al., 2020). This is also far beyond the scope defined by Larry Hench in the past. Due to the absence of therapeutic drug loading and drug release process, bioactive nanomaterials are more direct than the target mode of action, which is expected to achieve better therapeutic effects, and have made certain research progress in the treatment of some major chronic diseases such as nervous system diseases and various malignant tumors. However, there are still few systematic summaries of bioactive nanomaterials and their related applications. This article reviews the latest research progress and reports of bioactive nanomaterials in the diagnosis and treatment of major chronic diseases, systematically introduces the typical applications of bioactive nanomaterials in the biomedical field and analyzes the technical challenges and key scientific issues faced by bioactive nanomaterials in the diagnosis and treatment of diseases, to provide suggestions for the future development of this field.
2 INFLUENCING FACTORS OF BIOLOGICAL ACTIVITY OF NANOMATERIALS
Traditional biological nanomaterials respond to external stimuli such as pH changes, reactive oxygen species levels, light and heat, and then change their physical and chemical properties such as surface charge and chemical structure to play a role. However, the chemical structure and surface properties of bioactive nanomaterials are usually relatively clear (Kerativitayanan et al., 2015), and they directly interact with proteins, cells, or tissues in vivo and cause biological reactions through their physical structure, surface properties and nano-topography (Zhou et al., 2019b). Therefore, these characteristics such as structure and properties are important factors affecting the biological activity of materials.
2.1 Nano-morphology
Studies have found that the adhesion of Embryonic stem cells (ESCs) is affected by the roughness of the surface (Chen et al., 2012). Compared with the rough surface, the smooth surface is easier to make undifferentiated cells adhere. In addition, rough surfaces can induce the differentiation of ESCs, while smooth surfaces can maintain the self-renewal ability of ESCs. Kwon et al. also showed that cells on surfaces with different roughness or different nanotopography would exhibit distinct behaviors (Kwon et al., 2012), and these studies revealed that cell behaviors were affected by nanotopography.
2.2 Surface properties
The biological activity of bioactive nanomaterials is affected by surface properties. For example, bioactive ligands such as small molecules, peptides and proteins are modified to the surface of materials by chemical modification (Eivazzadeh-Keihan et al., 2020), and the surface charge, hydrophilic and hydrophobic properties of bioactive nanomaterials are adjusted to become bioactive nanomaterials with specific biological functions. Some studies have found that the use of polymer nanoparticles to modify the surface of cellular-mesenchymal epithelial transition factor (c-MET) peptide bioactive nanoinhibitors and Mesenchymal epithelial transition factor (MET). The affinity of MET is three orders of magnitude higher than that of free c-MET peptide (KD = 3.96 × 10-7 mol/L) (KD = 1.32 × 10-10 mol/L) (Wu et al., 2018). It has also been found that positively charged (+7 mV) Au NPs have no effect on the aggregation of Aβ protein, while negatively charged (−38 mV) Au NPs can effectively inhibit the aggregation of β-amyloid (Aβ) to form toxic oligomers.
2.3 Physical structure
The physical structure of nanomaterials can affect their biological activity. For example, Molecular imprinting polymer (MINP) can bind target biomolecules with high affinity. The specific biological activity depends on the fine structure of the nanoparticle itself. Different fine structures show different biological activities. Some scholars have developed a MINP that can capture vascular epidermal growth factor and thus reduce angiogenesis in the tumor to inhibit tumor growth (Koide et al., 2017), and some studies have reported a borate-based MINP that inhibits tumor growth by blocking the human epidermal growth factor receptor-2 signaling pathway (Dong et al., 2019). These studies have shown that MINP with different fine structures can be developed for the treatment of various diseases such as cancer (Tang et al., 2017; Zhang, 2020). In addition, the particle size of the material also plays an important role in the influence of its biological activity. The specific surface area of nanoparticles is opposite to the particle size, the smaller the particle size, the larger the specific surface area. Jong et al. (Park et al., 2011) found that Ag NPs and Ag+ with large particle size were less toxic by measuring the cytotoxicity of Ag NPs, which are widely used in medicine for antibacterial treatment. Therefore, particle size plays an important role in determining the biological activity of nanomaterials.
3 CLASSIFICATION OF BIOACTIVE NANOMATERIALS
With the rapid development of materials science and the development of various bioactive nanomaterials, bioactive nanomaterials have been widely used in biomedicine. Bioactive nanomaterials can be classified into organic nanomaterials, inorganic nanomaterials, bioactive nanoenzymes, and biologically active biomimetic nanomaterials.
3.1 Bioactive organic nanomaterials
Bioactive organic nanomaterials include bioactive nanofibers and bioactive tree molecules. Nanofibers have the characteristics of high specific surface area, high porosity, and good mechanical properties (Shikhi-Abadi and Irani, 2021). One-dimensional nanolinear assemblies with a diameter of 50–500 nm and an aspect ratio of more than 1: 200 are prepared from organic polymer solutions or melts, which have antibacterial and anti-inflammatory properties. For example, poly (ε -caprolactam)—β -poly (ethylenimine) (PCL- β -PEI) nanofibers can prevent CpG oligodeoxynucleotide (ODN) from stimulating dendritic cells and macrophages to secrete cytokines α, tumor necrosis factor (TNF-α) and interferon-γ by electrostatic adsorption of ODN (Kang and Yoo, 2014). While N-trimethyl chitosan nanofibers can generate pressure by electrostatic binding of polycations on the membrane to negatively charged parts of the bacterial cell wall, leading to lysis and death of bacterial cells, and then inhibit inflammatory response (Cheah et al., 2019). However, such nanofibers are prepared based on cationic polymers, and the cell membrane of mammals is also negatively charged, so it is easy to produce cytotoxicity. Tree molecules are usually a kind of spherical nanoscale molecules (Figure 1) composed of three parts: a central core, a branching unit, and a terminal group. The more generations they have, the larger the particle size. Tree molecules can inhibit virus entry into host cells by modifying groups that block the ability of virus to attach to host cells, modifying cationic groups such as zwitterions (Mintzer et al., 2012), organic metals (Abd-El-Aziz et al., 2015), amino acids, and glycopeptides (Michaud et al., 2016), etc. The introduction of hydrophobic chains can damage the cell membrane (Zielińska et al., 2015) or enhance the electrostatic interaction with the bacterial cell membrane to play a role in anti-infection and anti-inflammation. Polyamide amine tree molecules with carboxyl and benzene ends can inhibit the aggregation of β-amyloid peptides through hydrophobic binding and electrostatic repulsion, thus playing a role in nervous system diseases (Wang et al., 2018; Wang et al., 2019a). Polyacylthiourea tree molecules can be modified by polyethylene glycol (PEG) to efficiently chelate copper ions, thereby downregulating the expression of vascular endothelial growth factor (VEGF) in tumor sites and inhibiting the formation of tumor neovascularization (Shao et al., 2017), thus achieving anti-tumor effects. However, few bioactive tree molecules have entered clinical research and application, and only one naphthalene disulfonate-modified polylysine tree molecule has been approved as an antiviral additive for condoms in Australia, which needs to be further evaluated for safety and biocompatibility.
[image: Figure 1]FIGURE 1 | Schematic of the basic structure of the tree molecule.
3.2 Bioactive inorganic nanomaterials
Inorganic nanomaterials are a class of nanomaterials with inorganics as the main body (Nethi et al., 2019), including biologically active carbon nanomaterials, biologically active precious metal nanomaterials, biologically active metal oxide nanomaterials, and biologically active non-metallic nanomaterials. They usually have higher mechanical stability.
3.2.1 Bioactive noble metal nanomaterials
Nanomaterials prepared from gold, silver, platinum, etc., are commonly referred to as precious metal nanomaterials. It has been found that gold nanomaterials can exert antibacterial, anti-inflammatory, anti-tumor, and other biological activities according to their specific size, morphology and surface sealing groups. Gold nanoparticles with a size of about 1 nm can induce the production of many reactive oxygen species (ROS) in bacteria, and gold nanopins with high aspect ratio can induce bacterial dissolution through mechanical pressure to achieve the purpose of antibacterial (Zheng et al., 2017; Elbourne et al., 2019). It can also achieve anti-inflammatory effect by regulating related signaling pathways. Some studies have found that gold nanomaterials also have a certain effect on anti-tumor (De Carvalho et al., 2018; Hao et al., 2021), but the structure-activity relationship and biological effect need to be further studied. In particular, the potential toxicity caused by long-term accumulation of inorganic materials in organs and tissues needs to be further clarified.
3.2.2 Biologically active non-metallic nanomaterials
Common bioactive non-metallic nanomaterials mainly include selenium and black phosphorus. As one of the essential non-metallic elements for human body, selenium exerts its biological activity by binding to the structure of selenoproteins in the body. Selenium nanoparticles can exert anti-inflammatory and anti-oxidative effects by activating Nrf2 and its downstream genes, inhibiting ROS production and scavenging superoxide and DPPH free radicals (Cheng et al., 2017; Song et al., 2017). It can also achieve antibacterial effects by inducing ROS production, consuming internal ATP to interfere with bacterial metabolism, destroying membrane structure, disturbing membrane potential, and decomposing mature extracellular polysaccharide matrix produced by bacteria (Cremonini et al., 2016; Huang et al., 2019). Black phosphorus (BP) nanosheets can induce bacterial apoptosis by producing ROS, and can cause physical damage to the bacterial cell membrane to kill bacteria to achieve antibacterial effect (Xiong et al., 2018). At the same time, it can also interfere with cell multipolar spindle and mitosis, and cause cell apoptosis, thereby exerting great anti-tumor potential (Shao et al., 2021).
3.2.3 Biologically active carbon nanomaterials
Carbon nanomaterials have attracted increasing attention due to their unique electrical, optical, thermal, and mechanical properties (Wang et al., 2014; Lin et al., 2016; Tiwari et al., 2016; Zhang et al., 2017) Carbon nanomaterials include graphene, fullerene (C60), carbon nanotubes, carbon dots, graphene quantum dots, etc., (Figure 2). Carbon nanomaterials are widely used in the biomedical field due to their excellent biological activity and controllable functional design. Studies have found that carbon nanomaterials not only have nanoenzyme activity, but also have antibacterial, anti-infection, anti-tumor, and other biological activities. For example, graphene oxide (GO) nanosheets can affect the formation of dendritic cell -T cell synapses and enhance the activation and proliferation of antigen-specific CD8+ T cells as DC vaccine adjuvants, thus playing an anti-infection role (Zhou et al., 2021). Quaternary ammonium modified carbon quantum dots (QCQD) can play an antibacterial role by interfering with protein translation, post-translational modification, and protein transport in bacteria (Zhao et al., 2020). Graphy-oxide acetylic acid (GDYO) can interact with signal transduction proteins and transcription factor STAT3 in the intracellular, and turn the pro-tumor M2 macrophages into anti-tumor M1 macrophages, thereby reversing the tumor immunosuppressive microenvironment and playing an anti-tumor role (Guo et al., 2021a). However, there are some key problems in the cli nical transformation of carbon nanomaterials, such as the metabolism and clearance process in the body cannot be fully elucidated, and their safety in vivo needs to be further studied.
[image: Figure 2]FIGURE 2 | Different types of carbon nanomaterials.
3.2.4 Bioactive metal oxide nanomaterials
Metal oxide refers to the binary compounds composed of oxygen and another metal chemical element, including basic oxide, acid oxide, peroxide, superoxide, amphotericin oxide, etc. In addition to the high specific surface area and high mechanical strength due to its size effect, metal oxide nanoparticles also have the advantages of wide source and stable structure. They play a very important role in many fields such as physics, chemistry, and materials science. It can exhibit insulator, semiconductor or metal characteristics depending on the oxidation state of the metal and the environment. Studies have confirmed that metal oxides of specific sizes have anti-inflammatory, antibacterial, anti-tumor, and other biological activities. For example, tiO2 nanoparticles can inactivate thrombin by promoting the formation of thrombin-antithrombin complex in plasma, thereby blocking the way that thrombin causes inflammatory response through protease activated receptors, and can inhibit oxidative stress response induced by the activation of Toll-like receptors on the surface of platelets (Seisenbaeva et al., 2017). In addition, zno nanoparticles can also improve the antioxidant capacity of the colon and reduce inflammatory damage (Li et al., 2017b). Nanoparticles such as zinc oxide, copper oxide and iron oxide can achieve anti-tumor effects by causing membrane leakage of tumor cells, inducing oxidative stress and promoting apoptosis (Wahab et al., 2014; Nagajyothi et al., 2017; Yousefvand et al., 2021).
3.3 Bioactive nanozymes
Nanomaterials containing catalytic properties like those of natural enzymes are called nanozymes (Wei and Wang, 2013; Wu et al., 2019), including multiple enzyme-like active nanozymes, peroxidase-like and oxidases, catalase-like active nanozymes, superoxide dismutase-like active nanozymes, etc., due to their low cost, good stability, and easy mass production. They are widely used in many fields such as biomedicine, physical chemistry, materials, agriculture, environmental management, national defense, and security (Wang et al., 2016). A variety of enzyme-active nanozymes can exhibit different types of enzyme-like activities under different conditions. For example, manganese dioxide doped nanoparticles (MnO2 NPs) have a variety of enzyme-like activities that are more stable than natural enzymes, and nitrogen carbon nanomaterials (N-CNMs) can simulate a variety of enzyme-like activities, which can change the intracellular microenvironment of tumor cells and achieve anti-tumor effects (Fan et al., 2018).
3.4 Biologically active biomimetic nanomaterials
By learning the micro and nano multi-scale structure, composition, function and principle in life systems, nanomaterials are designed and prepared to imitate various functions in life systems, which are called biomimetic nanomaterials. These materials include bioactive biomolecular assembly nanomaterials, bioactive cell-like nanomaterials, etc. Biomacromolecules in the body can achieve similar biological activities by rationally designing the physical and chemical properties of materials and mimicking the structure and properties of natural biomacromolecule assemblies. For example, the synthesis of quinazolinone derivatives with arylboric acid connecting groups (BQA-GGFF) can simulate the neutrophil extracellular traps to capture pathogenic microorganisms in vivo, thus playing an antibacterial role (Huang et al., 2020). Polymer micelles prepared by polyuamine- β -polycaprolactone (PAE- β -PCL) and polyethylene glycol- β -polycaprolactone (PEG-β-PCL) mimic the role of heat shock protein molecular chaperones to specifically recognize and adsorb hydrophobic fragments in abnormal proteins, so as to play a therapeutic effect in inflammatory response and nervous system diseases (Xu et al., 2019).
4 APPLICATION OF BIOACTIVE NANOMATERIALS IN BIOMEDICINE
After decades of development, bioactive nanomaterials have been widely used in real life. They have been well used in anti- infection therapy, inflammatory disease treatment, cancer treatment, and neurodegenerative disease treatment.
4.1 Application of bioactive nanomaterials in anti-infection
In recent years, researchers have found that bioactive nanomaterials can play an excellent role in anti-inflammatory and anti-infection (Yang et al., 2019a). In the treatment of infectious diseases, some nanomaterials can strongly interact with cell membranes, thereby destroying the integrity of biofilms. For example, N-trimethyl chitosan nanofibers can electrostatically combine with negatively charged parts of bacterial cell wall through polycations on the membrane to generate pressure, leading to lysis and death of bacterial cells (Cheah et al., 2019). Zinc oxide nanoparticles have a positive charge, which can bind to and damage the negatively charged bacterial cell membrane, leading to the leakage of bacterial cell contents and bacterial death (Król et al., 2017). However, gold nanonail with high aspect ratio can induce bacterial dissolution through mechanical pressure, thus effectively inhibiting bacterial adhesion and bacterial biofilm formation (Elbourne et al., 2019). In addition, copper/carbon nanozymes modified by copper oxide can release Cu2+ and cause membrane damage of Gram-negative bacteria, while selenium nanoparticles can kill bacteria by disturbing membrane potential and destroying membrane structure (Cremonini et al., 2016; Huang et al., 2019). Other researchers (Joseph et al., 2016) have reported a series of quaternary phosphine and quaternary ammonium groups modified columnar aromatic hydrocarbons for antibacterial applications. Wang et al. (Guo et al., 2021b) constructed a new type of Guanidinium-modified pillar (Zhao et al., 2021) arene (GP5), which can rapidly combine with the negative electrical components on the biofilm and the phospholipid components on the bacterial membrane through a salt bridge to dissolve the bacteria, to achieve antibacterial and anti-infection effects. Some nanomaterials can also play a role in inhibiting bacteria by trapping or blocking bacteria. For example, Wang et al. (Zhang et al., 2020) designed a human defensin-6 mimic peptide, which can specifically recognize bacteria and form a nanofiber network in situ to trap bacteria (Figure 3). Other nanomaterials can directly kill bacteria by producing reactive oxygen species (ROS). Two types of nanozymes, peroxidase-like and oxidase-like active nanozymes, can catalyze the production of ROS (Gao et al., 2014; Fang et al., 2018a). For example, copper-modified copper/carbon nanozymes can kill bacteria by producing ROS through peroxidase-like catalysis (Figure 4); Metal-based nanomaterials such as Au, ZnO, TiO2 and graphene-based nanomaterials can also show good bactericidal effect by producing ROS (Liu et al., 2019).
[image: Figure 3]FIGURE 3 | HDMP for antibacterial applications.
[image: Figure 4]FIGURE 4 | Cu/carbon hybrid nanozymes modified with different valence states.
4.2 Application of bioactive nanomaterials in inflammatory diseases
Routine physiological activities of the human body produce large amounts of free radicals, including reactive oxygen species (ROS) and reactive nitrogen species (RNS) (Mittal et al., 2014; Kwon et al., 2021), and the production and clearance of free radicals are balanced in the body through a variety of mechanisms (Closa, 2013). As one of the by-products of respiration, ROS play an important role in the occurrence of many inflammatory diseases. Inflammation can activate epithelial cells, neutrophils, and macrophages to produce a variety of inflammatory cytokines and other inflammatory mediators, which in turn impair the free radical scavenging function or reduce the expression of enzymes in the body (Jena et al., 2012; Piechota-Polanczyk and Fichna, 2014; Zhang et al., 2021a). The production and clearance of free radicals in the body cannot be balanced, leading to oxidative damage to proteins, DNA, and lipids. And further accelerate the progression of inflammation (Kawanishi et al., 2006; Zhu and Li, 2012; Vaghari-Tabari et al., 2018). Therefore, the timely removal of excessive free radicals plays a crucial role in inhibiting inflammation (Zhao et al., 2019; Zhang et al., 2021b; Weng et al., 2021). In recent years, nanomaterials have found many applications in scavenging ROS. Xie et al. (2022) reported a simple and inexpensive method to synthesize Mose2—PVP NPs with high physiological stability and biosafety levels, which mimicked the intrinsic antioxidant properties of superoxide dismutase (SOD), catalase (CAT), peroxidase (POD), and glutathione peroxidase (GPx). It can eliminate a variety of ROS (such as H2O2, OH and O2−) and RNS (such as DPPH) in mitochondria and cells, thereby improving acute pancreatitis (AP). In recent years, the incidence of inflammatory bowel disease (IBD) has gradually increased, and the pathogenesis of IBD is usually related to genetic, environmental, intestinal barrier, and immune factors (Ramos and Papadakis, 2019). With the increasing understanding of the pathogenesis of IBD, more and more new drugs and therapeutic avenues have been investigated, such as nanoparticles (Scarpignato and Pelosini, 2005), natural algae (Zhang et al., 2022), and hydrogels (Liu et al., 2021). Among them, hydrogels have become one of the most competitive materials due to their loose and porous 3D network structure and hydrophilicity. Hydrogels used to treat IBD are made of natural polymers such as chitosan (Xu et al., 2017), alginate (Cheng et al., 2022), hyaluronic acid (Liu et al., 2021), and dextran (Pitarresi et al., 2007) as well as proteins such as chondroitin sulfate (Zhang et al., 2019) and gelatin (Zhang et al., 2021c). A recent review (Ouyang et al., 2022) summarized relevant reports on the types of hydrogels used to load drugs, peptides, and proteins and immunomodulators, as well as probiotics, and found that hydrogel carriers have excellent physical and chemical properties and are well used in IBD treatment. In addition, phosphorus- based dendrimer-based molecules can inhibit the maturation of pro-inflammatory CD4+ T lymphocytes and dendritic cells (DC), Poly (ε-caprolactone)—β- poly (ethylenimine) (PCL—β- PEI) nanofibers can inhibit the secretion of cytokines α, tumor necrosis factor α (TNF- α) and interferon- γ (Ifn- γ) by dendritic cells and macrophages stimulated by CpG oligodeoxynucleotides (ODNs) through electrostatic adsorption. Thus, the nanofibers can inhibit inflammation (Kang and Yoo, 2014). Gold nanoparticles in precious metal nanomaterials can treat liver injury in rats by regulating AKT/PI3K and MAPK signaling pathways, downregulating the activity of Kupffer cells and hepatic stellate cells in the liver, inhibiting proinflammatory cytokines oxidative stress and fibrosis (De Carvalho et al., 2018). Zinc oxide nanoparticles in metal oxide nanomaterials can inhibit the secretion of pro-inflammatory cytokines IL-1 β and TNF- α and the activity of peroxidase in the colitis model by down-regulating the production of ROS and malondialdehyde in the colon (Li et al., 2017b). Selenium nanoparticles can protect the intestinal barrier from oxidative stress-induced inflammatory damage by activating Nrf2 and its downstream genes. Song et al. (2017) In addition, PLGA bioactive cellmionic nanoparticles coated with neutrophil membranes can effectively a dsorb the pro-inflammatory cytokines TNF- α and IL-1β in the joint cavity of RA. In addition, PLGA bioactive nanoparticles can effectively adsorb the proinflammatory factors Tnf- α and Il-1β in the joint space of RA (Deng et al., 2018).
4.3 Application of bioactive nanomaterials in cancer therapy
In recent years, bioactive nanomaterials have also been more and more widely used in cancer treatment. For example, PLGA bioactive cell-like nanomaterials coated with natural killer cell membranes can induce or enhance the polarization of local M1 macrophages in tumors to play an anti-tumor role (Fang et al., 2018b). Polyethylene glycol (PEG) modified polyacylthiourea tree molecules can down-regulate the expression of vascular endothelial growth factor (VEGF) at the tumor site and inhibit the formation of tumor neovascularization by highly efficient chelation of copper ions, thereby inhibiting tumor cells and tumor metastasis (Shao et al., 2017). In addition, graphite oxide acetylene (GDYO) can interact with signal transduction proteins and transcription factor STAT3 to reverse the tumor immunosuppressive microenvironment, thereby improving the role of tumor immunotherapy (Guo et al., 2021a). Gold nanoparticles can inhibit the growth of prostate cancer cells by inhibiting the expression of related metalloproteinases (Hao et al., 2021). Copper oxide and iron oxide nanomaterials can cause leakage of tumor cell membrane. Copper oxide and iron oxide nanoparticles play an anti-tumor role by activating caspase-9 and caspase-3 mediated pro-apoptotic effects (Nagajyothi et al., 2017; Yousefvand et al., 2021), while zinc oxide nanoparticles can kill tumor cells by inducing oxidative stress and pro-apoptotic pathways (Wahab et al., 2014). Black phosphorus (BP) nanosheets have shown great anticancer potential by causing cell multipolar spindle and mitosis to be delayed, and eventually cell apoptosis (Shao et al., 2021). In addition, catalase like active nanoenzymes catalyze hydrogen peroxide to generate oxygen at the tumor site, thereby enhancing the anti-tumor effect of photodynamic therapy or photothermal therapy. Bioactive nanomaterials can also regulate the interaction between Tumor-associated antigens (TAAs) and APC, thereby enhancing the uptake and presentation of TAAs by APC, thereby enhancing the degree of immune activation and playing an anti-tumor effect. For example, Min et al. (2017) constructed a biodegradable antigen-capturing nanoparticles (AC-NPs) based on Poly (lactic-co-glycolic acid) (PLGA). Yang et al. (2020) proposed a mannose-modified stearic acid-grafted chitosan micellar particle (MChSA), and (Wang et al., 2019b) proposed a Upconverting nanoparticle (UCNP) antigen-capturing nano system (UCNP/ICG/RB-MAL), thereby promoting antigen presentation and inducing tumor-specific immune response to play an anti-tumor effect. It has also been reported that nanoparticles effectively promote the maturation of APC by directly activating inflammatory cytokine receptors, thereby inducing T cell-mediated anti-tumor immunity (Roy et al., 2014). It has also been found (Kim et al., 2019) that folate-functionalized bioactive glass nanoparticles BGN (F) can effectively alleviate the immunosuppression of TME by depleting or repolarizing immunosuppressive cells. Lee et al. (2021) reported an antibody-like polymer nanoparticle (APN), which can effectively remove the immunosuppressive factor Gal-1 in the tumor, to alleviate the immunosuppression of TME and achieve the effect of anti-tumor immunity. In addition, Zhang et al. (2021d) designed a hydrogel that combines the ability of tumor photodynamic therapy (PDT) and photothermal therapy (PTT) for anti-tumor recurrence. This hydrogel is biocompatible and biodegradable, with good photothermal conversion, drug loading and CT imaging capabilities, laying the foundation for the rational design of biodegradable multifunctional hydrogels. Liu et al. (2022) reported the use of a gelatin methacrylate/oxidized dextran/montmorilite-strontium/polypyrrole (GOMP) hydrogel for synergistic treatment of osteosarcoma and potential bone regeneration. This hydrogel has a dual network structure, formed by photoinitiator-initiated double bond polymerization and Schiff base reaction. The hydrogel has good biocompatibility and excellent biodegradability in vitro and in vivo. This multifunctional DOX-loaded GOMP hydrogel with bone regeneration, photothermal therapy, and chemotherapy functions has great potential for application in the treatment of osteosarcoma.
4.4 Application of bioactive nanomaterials in the treatment of neurodegenerative diseases
Neurodegenerative diseases (ND), usually referring to Alzheimer’s disease, Parkinson’s disease, etc., (Marie-Therese, 2016). affect many people worldwide and are often debilitating; unfortunately, there are few treatment options for such diseases. The application of some bioactive nanomaterials with unique properties, which can play a role by inhibiting protein aggregation or eliminating formed protein aggregates, has shown great potential in the treatment of neurodegenerative diseases, providing more options for therapeutic drugs. It has been found that (Huang et al., 2014) Mixed shells polymer micelles (MSPMs) which has a unique surface phase separation structure composed of hydrophilic chain segments and hydrophobic microregions can be used for the treatment of AD. In addition, Yang et al. (2019b) reported A bioactive nanocomposite with a surface-integrated Aβ-capturing peptide (LVFF), and Xu et al. (2019) reported a new method for the treatment of AD by co-assembling Calixarene (CA) and Cyclodextrin (CD) and the preparation of supramolecular nanoparticles (CA-CD), Zhu et al. (2021) reported a TLK [(D)-TLKIVW] integrated polymer micelle particles, etc., which can play a role by inhibiting protein aggregation. In addition, in the treatment of Alzheimer’s disease, polyamide amine dendrimer molecules with carboxyl and benzene rings can inhibit the aggregation of β-amyloid peptides through hydrophobic binding and electrostatic repulsion, thus playing an anti-Alzheimer’s disease function (Wang et al., 2018; Wang et al., 2019a). It has also been found that bioactive nanomaterials can promote the removal of protein aggregates by regulating the interaction between microglia and proteins (Waisman et al., 2015; Pan et al., 2021) combined Aβ42 with A novel Aβ inhibitor (Gca-CD) to form A positively charged Gca-CD/Aβ copolymer to promote the removal of Aβ aggregates by microglia. Gu et al. (2021) reported A neuroprotective nano-scavenger that could remove Aβ oligomers from the brain and significantly improve the cognitive behavior of AD mice.
5 DISCUSSION
The application of bioactive nanomaterials in biomedicine provides more options for the treatment of diseases. Compared with traditional nanomedicine preparations, bioactive nanomaterials do not exert drug effects through drug release but rely on their physical and chemical properties to interact with proteins, cells, or tissues in vivo and cause biological reactions to play a role in the treatment of diseases. Their biological activity is mainly affected by their physical structure, surface properties, and nanomorphology. In recent years, bioactive nanomaterials have been more and more widely studied and applied in the treatment of diseases, such as anti-inflammatory diseases, anti-infectious diseases, anti-tumor, and anti-neurodegenerative diseases. However, the development of bioactive nanomaterials still faces some challenges, such as biological effect evaluation, in vivo fate, structure-activity relationship, and clinical translation, etc. Further research is still needed. The main problems are summarized as follows:
(1) There are many uncertainties in the mechanism of action: At present, most of the pharmacological activities of bioactive nanomaterials refer to the ideas of pharmacological activities of small molecule drugs. However, the structure-activity relationship related to their special physical and chemical characteristics, such as size effect, interface effect, and mechanical properties, still need to be further studied to provide guidance for the rational design and development of bioactive nanomaterials.
(2) Lack of in vivo safety evaluation: At present, most of the research on bioactive nanomaterials focuses on their biological activity and mechanism of action, such as bioactive tree molecules, which lack safety and biocompatibility evaluation, and mostly stay at the in vitro level. The research on in vivo metabolism needs to be further improved, and the distribution, metabolism, and clearance process in vivo need to be further studied. In addition, the tissue targeting, biodistribution, biodegradation and immunogenicity of biomaterials need to be further solved to accelerate the in vivo application and clinical transformation of bioactive nanomaterials.
(3) Lack of safe and effective nanomaterials: The safety of bioactive nanomaterials includes the safety of the starting materials for preparing nanomaterials and the safety of nanomaterials themselves, and their pharmacological activity is closely related to their physical and chemical properties. Therefore, it is still a great challenge to develop nanomaterials with good biological safety. Therefore, the development of nanomaterials with good biological safety is still a great challenge. The processes and technologies that are suitable for the preparation of bioactive nanomaterials on industrial scale while ensuring uniformity and batch-to-batch stability need to be further developed.
(4) Clinical transformation needs to be further studied: The clinical application and research of bioactive nanomaterials have obvious interdisciplinary aspects, including nanoscience, materials science and engineering, and life science. In the future, it is necessary to strengthen the cooperation and communication among various disciplines, integrate advantages, and focus on the safety evaluation of materials in vivo, how to prepare, sterilization and storage in large amounts, to accelerate the clinical translation of bioactive nanomaterials.
Although there are still various problems in the clinical translation and application of bioactive nanomaterials, with the continuous deepening of research and breakthroughs in key scientific issues, it is believed that bioactive nanomaterials will play a greater role in the treatment of diseases in the future.
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