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			Abstract

			Targeted antitumor drug delivery seeks to concentrate the antitumor drugs only in the affected tissues sparing the normal tissues, so that the drug efficacy is increased, and side effects are minimized. Various cancer cell targeting moieties are physically immobilized or covalently conjugated to the delivery systems in order to carry the system specifically to the tumour site. This review mainly focuses on the various types of targeting moieties and role of biodegradable polymers and their nanoparticles in site specific delivery of antitumor drugs.
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			Introduction

			Cancer is one of the most common causes of deaths globally. By next 20 years, new cancer cases are likely to increase by 70% [1]. In spite of decades of investigations, the progress in cancer research is still merely incremental. Various antitumor drugs such as Doxorubicin Hydrochloride, Paclitaxel etc, are available but numerous side effects are associated with them [2]. To achieve success in this regard the concept of drug delivery was introduced [3]. From thereon miscellaneous strategies were introduced to eradicate the limitations of the anticancer drugs. This need of delivering the drug specifically to the affected cells sparing the normal cells, unfolded a new research area of targeted drug delivery (TDD) [4]. To accomplish the aim of targeting the cancer cells, researchers considered the difference in cellular micro-environment and compositions between the cancer cells and normal cells. For example, the difference in metabolism profiles, expression of surface receptors, specific position of the diseased cells etc. were considered during the designing of the targeting moiety. The basic idea behind the peptide based targeted anticancer delivery relies on the design of the peptide to selectively target those receptors which are either overexpressed or exclusively present in the cancer cells. The complete delivery system will be comprised of the targeting peptide attached with the drug through a cleavable linker.

			The accumulation of a drug only in the affected tissues is accomplished by either or both of the modes of targeting: passive and active. In passive targeting, the physical and chemical properties of the carrier system is modified so that it circulates in the body for longer time and eventually combines with the tumour cells. For example, by alteration of carriers with poly(ethylene 

glycol) (PEG)/poly(ethylene oxide) (PEO), enhances the solubility of the hydrophobic drugs, increases circulation time and allows specific targeting by improved retention effect and permeability [5]. Whereas, in active targeting, targeting moieties like peptides, proteins (antibodies, transport proteins etc.) and small molecules are used for site specific delivery of antitumor drugs. A drug along with the targeting moieties needs a carrier for its selective, effective and safe administration. Various types of drugs carriers that have been effectively used are liposomes [6], polymers [7], peptides [8], lipids, dendrimers, surfactant etc.[9]. The drugs and targeting moieties are attached to the carriers by various means like adsorption, encapsulation, covalent attachment etc.

			Discussion

			Some of the most commonly used targeting moieties for targeting cancer cells are discussed here.

			Peptides

			Peptide carriers are often beneficial compared to other targeting ligands in terms of their easy synthesis and stability towards physical degradation. In addition, peptides can be easily modified for various purposes like increasing solubility, cell penetrability, drug loading etc. Among various peptides designed to target the tumour cells, a tripeptide Arginine-Glycine-Aspartic acid (RGD) gains noteworthy recognition among the researchers. It can recognize αvβ3 integrin along with a family of glycoprotein cell surface receptors also called integrins which are overexpressed in cancer cells, due to their important involvement in tumour progression [10]. Since RGD selectively targets integrins, it became a useful targeting agent for the cancer cells. It is not only been used to deliver therapeutic drugs but also used in cell imaging [11], nanoparticles [12], liposomes [13] etc. For example, Chen et.al. [14] designed a paclitaxel-dimeric RGD conjugate to deliver paclitaxel in a target specific manner. They have shown improved internalization and localization of paclitaxel in presence of RGD. Not only the integrin, several other receptors such as mammalian bombesin [15], luteinizing hormone-releasing hormone (LHRH) receptors, low level lipoproteins [16], somatostatins [17] were also discovered to target the cancer cells. Various peptides were also designed for the successful recognition of above-mentioned surface receptors and their usefulness were also examined to deliver the drug target specifically. Horvath et. al. designed the peptide GlpHWSYKLRPG -NH2 (Glp = Pyroglutamic acid) to target the LHRH receptors and they have conjugated 2-pyrrolino-DOX with this peptide [18]. They have found the conjugate to completely preserve both cytoxicity of 2-pyrrolino-DOX and binding affinity to the LHRH receptors. Another popular anticancer agent methotrexate was attached with Cyclic fCYwKVCT-NH2 to observe the growth inhibition of MIA PaCa-2 (human pancreatic cancer cells) xenografts in nude mice [19]. Although all these peptide drug conjugates have shown promising results, some details about such delivery systems still require further research. Specially the effect of length of spacer between the drug and targeting peptide on its recognition by the specific receptor as well as its cellular uptake. A notable success was also observed towards targeted drug delivery for the nanoparticle [20], micelles [21] liposomes[13,22] etc. by decorating their surfaces with targeting peptides (Figure 1).
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			Monoclonal Antibodies and Aptamers

			The antibodies as targeting moieties have been widely explored and have been used enormously in treatment applications. Antibodies immobilized species have been used to target antigens that are specifically present on affected cell membranes. Antibody-based drug delivery systems work by identifying specific antigens that are present on the cancer cells and interacts with it. Upon interaction, it induces antitumor affects by various mechanisms [23]. More than sixty five antibody–drug conjugates have been currently in clinical evaluation. For example, Brentuximab vedotin an anti-CD30 antibody-drug conjugate was approved in 2011 which showed proven efficiency in Hodgkin lymphoma and anaplastic large cell lymphoma [24]; Ado-trastuzumab emtansine (T-DM1), an antibody–drug conjugate which was approved in 2013 for HER2-positive metastatic breast cancer [25]. Besides all these peptide and protein based TDD, recently oligonucleotides were also found to be useful to target the cancer cell receptors. Aptamers are oligonucleotides which possess a three dimensional structure, depending on its sequence [26]. Numerous research groups have incorporated synthetic aptamers into the delivery systems. Sangyong et al. [27] have used the A10 2′‐fluoropyrimidine RNA aptamer which specifically binds with the prostate‐specific membrane antigen (PSMA) present on the prostate cancer cell surface, to form a physical conjugate with Doxorubicin. This formulation was shown to be stable and highly effective to deliver dox specifically to the PSMA expressed cells. Aptamers were also widely utilized to functionalize liposomes [28], nanoparticles [29], polymers and many other nanovehicles to release the payload particularly in the cancer cells.

			Small Molecules

			Small molecules such as biotin and folic acid have been used as tumour targeting moieties. Folic acid conjugated systems have been widely used, as folate receptors, over-expressed in various types of cancer cells such as ovarian, breast, kidney, cervical, colorectal, lung, and brain tumours [30] rapidly bind to folic acid and triggers cellular uptake via endocytosis [31]. Folic acid conjugated chitosan nanoparticles have been reported for the delivery of 5-fluorouracil, gemcitabine etc. [32]; with silk nanoparticles for the delivery of doxorubicin [31]; with liposomes and peptides for bleomycin, 5-fluorouracil and mitomycin [33]. Similarly, biotin is used as biotin receptors are also overexpressed on tumour cells [34]. It has been used along with various types of organic molecules [35], polymers micelles [36] and polymers nanoparticles [36] for the delivery of doxorubicin and paclitaxel.

			Biodegradable Polymers

			Biodegradable polymers have been used in cancer treatment in various forms like nanoparticles [7,37], micelles [37], microspheres [38], etc. With these systems, systemic toxicity and various side effects associated along with conventional cancer therapeutics have been reduced. The chemical and physical properties of the various forms of biopolymers are played around so that they circulate for a prolonged period of time in the bloodstream which is essential for the successful targeted delivery [37]. Biopolymeric nanoparticles have been a promising drug delivery vehicle due to their unique physicochemical properties which enhances the therapeutic and pharmacological properties of the antitumor agents. Moreover, they are biocompatible, biodegradable, have outstanding cell permeability, greater drug-loading capabilities, prolonged circulation time inside body [39]. Chemically modified biopolymers by addition of stimuli responsive linkers [7], targeting moieties such as folate and biotinylated chitosan, silk, alginate, PEG etc. have been used for physical loading or chemical conjugation of the antitumor drugs. 

			The carboxyl group (-COOH) of folic acid has been employed for covalent conjugation to the amine group (-NH2) of chitosan or silk which gave better stability. Chitosan/PEG blended PLGA nanoparticles are used as long circulating system [39]; chitosan-PEG nanoparticles functionalized with transferrin were used for targeted paclitaxel delivery [40] cyclic pentapeptide cRGDfk and Chlorin e6 (Ce6) conjugated to Silk Fibroin (SF) were used to deliver 5-fluorouracil [41] chitosan succinate/sodium alginate beads encapsulated with capecitabine was used for colon cancer targeted delivery [42].

			Conclusion

			Drug delivery has become an immensely demanding and rapidly developing field of research. TDD has significant contribution towards the progress of the ongoing anticancer research. However, many of these targeted delivery systems suffer from various limitations. Several limiting issues associated with the systems like their physicochemical stability inside the body, cellular internalization capability, binding property with the receptors, dose dependent release of the cargo etc. need to be addressed intensively. More careful understandings about the existing TDD systems will definitely improve their potency and also the possibility to be marketed as a better chemotherapeutic treatment.
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Figure 1: Schematic representation of targeted drug delivery system.
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