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			Abstract 

			Exosomes are membrane vesicles with a diameter of 40-100 nm that are secreted by many cell types into the extracellular milieu. Exosomes have great potential to be drug delivery vehicles due to their natural material transportation properties, intrinsic long-term circulatory capability, and excellent biocompatibility, which are suitable for delivering a variety of chemicals, proteins, nucleic acids, and gene therapeutic agents. However, there are still some issues and challenges that need to be addressed including production of exosomes in large scale for clinical use, which cell type to use for exosome derivation, and determination of in vivo exosome potency and toxicology. The clinical translation of exosomal therapeutics warrants better understanding of exosome biology and function, and the development of nanotechnologies for the specific purification of well-characterised clinical-grade exosomes and their loading with a variety of therapeutic cargoes.
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			Introduction

			Nanotechnology holds great promise for several new advances in targeted and controlled-release drug delivery platforms. Exosomes are nanosized biomolecules (40 to100nm) secreted by cells from multivesicular endosomes, with a density of 1.13 to 1.19g/ml in sucrose, and a sedimentation rate of 100,000g [1]. Exosomes contains an abundance of lipids (cholesterol, sphingomyelin, ceramide), proteins (tetracaines, Alix, TSG 101, HSPs) and other molecules involved in antigen presentation (MHC I and MHC II), signal transduction and targeting/adhesion. Exosomes have great ability to interact with target cells by a range of surface adhesion proteins and vector ligands such as tetracaines, integrins, CD11b and CD18 receptors, and deliver their cargo to target cells [2,3]. 

			Exosomes transport various biological molecules, ranging from membrane receptors, proteins, to mRNA and microRNA for maintenance of biological homeostasis [4], as well as epigenetic reprogramming [5]. Exosomes as a natural liposome are ideal drug carriers used recently [6], which have many advantages over conventional nanocarriers for drug and gene delivery. Due to its nano-size, exosomes can avoid phagocytosis, fuse with the cell membrane, and bypass the engulfment by lysosomes. The fact that exosomes are a natural product of the body results in a low immune response [7]. Owning to their stability in the blood, exosomes are able to travel long distances within the body under both physiological and pathological conditions. Additionally, exosomes easily pass
their contents across the cell membrane due to their unique characteristics and deliver their cargo in a biologically active form. Noteworthy, exosomes possess an intrinsic ability to cross biological barriers, including the most difficult to penetrate: the blood brain barrier (BBB) [8]. 
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			In addition, exosomes have a hydrophilic core, which makes them suitable to host water-soluble drugs. All the above makes exosomes an important tool for both diagnostic and therapeutic purposes. Several methods for exosome loading have been proposed to date, which can be classified into three different strategies (Figure 1) [9]. First strategy is loading naïve exosomes isolated from parental cells ex vitro; which is main method of loading. In this method, exosomes are first isolated from cell media by a variety of techniques. The current most widely used method, because of its lack of expense and time, is ultracentrifugation. Other methods include sucrose cushion density grade ultracentrifugation, filtration, size exclusion chromatography [10]. 

			External loading of the EVs can now be attempted by several methodologies such as electroporation, sonication, and cell penetrating peptides [11-13]. Other two strategies include loading parental cells with a drug, which is then released in exosomes; and transfecting/infecting parental cells with DNA encoding therapeutically active compounds which are then released in exosomes. Each approach has its advantages and limitations and may be dictated by the type of therapeutic cargo, site of the disease, and conditions suitable for a specific type of exosome-encapsulated cargo. 

			Potential use as therapeutic vehicles-Pre-clinical studies

			Exosomes should be able to carry a substantial amount of therapeutic cargo to qualify as drug delivery vehicles. A variety of cargos have now been shown to exhibit therapeutic effect after exosome-based delivery to particular tissues. Exosomes have been exploited as drug delivery vehicles for low molecular-weight drugs in several investigations [14-21]. Exosomes loaded with an anti-inflammatory small molecule compound, curcumin, were shown to protect mice from lipopolysaccharides-induced brain inflammation [14,15]. The incorporation of curcumin in exosomes improved its solubility, increased circulation time, preserved drug therapeutic activity, and improved brain delivery. 

			Exosomes were used to load different chemotherapeutics such as Doxorubicin or Paclitaxel. Studies showed that exosome loaded chemotherapeutics accumulate in tumour tissues and reduce tumour growth in mice without the adverse effects observed with the equipotent free drug [16-18]. Paclitaxel treated MSCs mediated strong anti-tumorigenic effects because of their capacity to take up the drug and later release it in the exosomes [20]. Remarkably, the therapeutic effects of Doxorubicin-loaded exosome were shown to be greater than the commercially available Doxorubicin-loaded liposomes, Doxil; which was inefficient in reducing tumour growth in this model [16]. Exosomes derived from brain endothelial cell line, bEND.3, were loaded with anticancer drugs Doxorubicin and Paclitaxel and used for systemic delivery across the BBB to treat gliomas [19]. It has been demonstrated that exosomes can be used as vehicles for delivering siRNA [22-26]. 

			Shtam et al. introduced two different exogenous siRNAs against RAD51 and RAD52 into exosomes derived from HeLa cells [24]. The exosome delivered siRNA against RAD51 was functional and caused massive reproductive cell death of recipient cancer cells. Since exosomes naturally carry miRNAs, a therapeutic application of this characteristic seems logical, as illustrated in the number of studies applying the approach for different disease models [27]. For example, exosome-delivered tumour suppressor miRNAs, miR-143 and let-7a, inhibited growth of prostate and breast cancer in vivo, respectively [28,29]. No adverse effects were observed in normal prostatic epithelial cells after treatment with exosome-encapsulated miR-143 [28]. 

			Obstacles of exosome-based therapy clinical translation 

			The above-mentioned studies provide an illustration as to how the exosome-based therapies may be valuable, especially for the future treatment of cancer. However, there is a number of limiting factors in the clinical translation of the findings. First of all, detailed understanding of the mechanisms about how exosomes cross biological barriers and contribute to pathology of disease, is lacking [30]. This critically limits the prospects of knowledge-based identification of tissue specific targeting peptides and identifying any endogenous cargos that may mediate potential unwanted side effects. Furthermore, it can’t be certain that siRNA cargo will affect gene expression without altering other signalling pathways. The efficiencies of drug loading into exosomes tend to be low, which plagues the expansion of these novel nanoparticles for drug delivery. 

			To address these challenges, the optimal methods for the encapsulation of drug/gene into exosomes should be carefully delineated in order to achieve maximum efficiency and reduce the need to administer large amounts of exosomes. Elucidating the factors (molecular weight, charge distribution, solubility, and so on) that influence drug entrapment efficiency is of fundamental importance in therapeutic applications. One major obstacle to clinical translation is the lack of suitable and scalable nanotechnologies for the purification and loading of exosomes. First, a major limitation in this field is the lack of standardized techniques for isolation and purification of exosomes. Exosomes are conventionally isolated by ultracentrifugation. However, these methods suffer from a number of limitations including poor reproducibility, tedious and time-consuming procedures, and low production yield. Additionally, the exosomes isolated by ultracentrifugation are usually contaminated with protein aggregates and other cell debris, which may affect quality attributes. Therefore, novel purification methods based on the use of specific, desired markers, such as the expression of the targeting moiety on the surface of exosomes, are required. In addition, siRNA loading into exosomes is relatively inefficient and cost-ineffective, highlighting the need for the development of novel transfection reagents tailored for nanoparticle applications. We envision that the resolution of these issues would lead to exosome-based drug delivery as a novel therapeutic strategy in the near future.

			Conclusion

			The safe and effective delivery of drug molecules to their target site is a field which has increasingly gained attention in drug design and development. At present, the study of exosomes has made great progress in drug carriers, chemotherapy and miRNA/siRNA. Despite these advances, there are still many challenges ahead. For example, it is necessary to further verify the safety of exosomes for clinical application, and to clarify the composition and mechanism of various substances in exosomes, and how to quickly obtain the high purity of exosomes and the dosage of clinical use. Therefore, to fulfil the clinical translation of exosomes, the main focus should be on the generation of scalable patient-derived exosomes, reliable purification and characterisation nanotechnologies, expansion of the exosome cargo repertoire and development of novel targeting strategies.
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Figure 1: Current drug loading approaches for exosome loading.
Left side illustrates how a drug is incorporated after exosome
isolation from donor cells. The middle illustrates how the cell is
loaded with drug and how that drug is then incorporated into
secreted exosomes, which are then isolated. The right hand side
illustrates the use of transfection of DNA into the cell that in turn
expresses the drug, and is secreted into the exosomes which
are then purified






