Graphene quantum dots for Targeted Drug Delivery for Cancer Therapy

Graphene quantum dots, the next generation carbon based nanomaterials, due to their outstanding physical, chemical and biological properties, have shown potential in revolutionizing the future of nanomedicine and biotechnology. Their strong size-dependent photoluminescence (PL) and the presence of reactive groups on the GQD surface, which allow their multimodal conjugation with various functional groups and biologically active molecules, make them ideal candidates for cancer diagnosis and treatment.GQDs have been loaded with drugs and labeled with tumor-targeting ligand units that are able to specifically recognize cancer receptors exposed on the cancer cell surface by generating new therapies

that are able to allow a more efficient targeted delivery of anticancer agents while minimizing their distribution in healthy tissues, as well as the development of new imaging agents for the in vitro and in vivo diagnosis of several types of cancer. 

Graphene quantum dots (GQD), fragments of a single-layer two-dimensional graphene with limited size are having enormous potential in biomedical field (Shen et al., 2012). Due to their reduced size, the chemical reactivity of graphene quantum dots is different from that exerted by the other graphene based materials, such as GO or CNTs. Their chemical functionalization mainly occurs on the p surface and/or on the edge carbon atoms, even the latter are more reactive than those located in the inner p surface.( S. Wang, I. S. Cole, D. Zhao and Q. Li, MRS Adv., 2016,1(20), 1459–1467) Recent studies on this class of nanomaterials report that GQD are less toxic and more hydrophobic with respect to graphene and endowed of stable strong fluorescence (Zhu et al., 2013). Their intrinsic fluorescence have attracted increasing attention in anticancer therapy since it may allow the efficient tracking of human cells in vitro (Chen et al., 2013). Analogously to graphene and GO, the presence of more active groups on the GQD surface allows their multimodal conjugation, making them ideal carriers for the simultaneous treatment and tracking of cancer cells. Moreover, due to their unique structural properties, GQD have shown to increase chemotherapy efficacy of anticancer drugs that are suboptimal due to the drug resistance (Wang et al., 2013). Recent works demonstrated that GQD can efficiently accelerate the nuclear accumulation of drugs, such as doxorubicin or cisplatin and also enhance markedly the DNA cleavage activity and cytotoxicity of these drugs. These outstanding biological properties, highlight the superiority of GQD over the modified graphene or GO and many other nanoparticle based delivery systems (Sui et al., 2016)

However, the design of effective drug delivery system (DDS) to treat cancer should include a tumor targeting ligand unit that could specifically recognize cancer receptors on the cell surface and induce receptor- mediated endocytosis, in order to minimize systemic toxicity and undesirable side effects, typically associated with conventional chemotherapy. Targeting ligands such as arginine-glycine-aspartic acid (RGD), folic acid, biotin and antibodies have been inserted to carbon based DDS and have shown to improve therapeutic responses both in vitro and in vivo (Chen et al., 2008). Based on these considerations, the aim of this study was to design a new biocompatible and cell traceable DDS, able to release the therapeutic agent to cancer cells in a selective manner. 
To achieve this goal we have synthesized graphene quantum dots from natural graphite using by a facile sonochemical method(Phys.Chem.Chem.Phys.,2016, 18, 21278) for the first time, which were dispersed in water for further analysis. GQDs are found to have high zeta potential value without any aging effect. TEM images of GQDs dispersed in water confirmed their uniform distribution with the particle size of 2–10 nm. GQDs show rich photoluminescence properties comprising excitation-independent emission and upconverted fluorescence. We also observed delayed fluorescence of GQDs for the first time in this case. These GQDs afforded materials with high purity, controlled size and good quantum yield. Time-resolved fluorescence studies demonstrate multiexponential decay kinetics ranging from 20 ps to 4 ns. It has been observed that the GQDs are not toxic at up to 400 mg mL_1 concentration for CHO cells; further, they successfully entered the cell cytoplasm and thus may be used for biophotonic applications.
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Our method of low cost synthesis contributed numerous defects into GQDs which can greatly contribute to afford GQD with a great oxidation extent and water solubility (Lavin et al., 2002). Taking the advantage of the excellent absorption properties of carbon nanomaterials, by p-p interaction and tailoring the functionality of GQDs, tumor targeting ligand / therapeutic agent can be loaded on GQDs. Moreover its inherent fluorescence will allow the drug release to be tracked.
We will find out the ability of this material to efficiently accelerate the nuclear accumulation of DNA interfering drugs,encouraging their use as carriers for the nuclear delivery of these anticancer drugs. These outstanding findings may led to the design of new drug delivery systems for cancer treatment where GQDs have been loaded with drugs and functionalized with tumor-targeting ligand units that are able to specifically recognize cancer receptors exposed on the cancer cell surface and to induce receptor-mediated endocytosis. These targeted drug delivery systems are expected to have the potential to reduce the side effects and overcome the development of drug resistance often associated with conventional chemotherapy.
Further, we will be also focussing on the factors like the size and the kind and degree of surface functionalization which are known to be the key factors which can greatly affect their use in biological systems. Various functionalization processes such as grafting with biocompatible polymers will be tried to improve their optical properties and biocompatibility. This may also help us to modify these  new GQDs for wholebody in vivo fluorescence imaging which could lead to further functionalization techniques for the development of newly functionalized GQDs with stable fluorescence to be used for magnetic resonance imaging (MRI) and computed tomography.
