Microtubule-targeting drug enhance the antitumoral effect of HSV Tk/GCV gene therapy mediated by glycopolymer-based nanocarriers
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Abstract:

Hepatocellular carcinoma (HCC) represents about 75–85% of primary liver cancers and ranks as the fourth leading cause of cancer-related mortality. Although remarkable progress has been made in recent years, the therapeutic efficacy of current treatments is still unsatisfactory, since the 5-year survival rate is very low (16.6%). In this work we developed a novel anti-HCC approach with high cancer-specificity, based on the combined antitumoral effect of an anti-microtubule drug with suicide gene therapy mediated by glycopolymers-based nanocarriers. A range of well-defined statistical cationic polymethacrylates-based glycopolymers were synthesized by activators regenerated by electron transfer atom transfer radical polymerization (ARGET- ATRP). The degree of polymerization (DP) of carbohydrate- based monomer was fixed and different DP values of primary- amine containing monomer were targeted to evaluate the effect of cationic content on the physicochemical properties, transfection capacity, cytotoxicity and targeting ability of the methacrylates-containing glycopolymers-based gene delivery carriers. The obtained results showed that all the developed nanocarriers present higher transfection ability than that the golden standard PEI. In addition, these nanoparticles specifically bind to the asialoglycoprotein receptor, a target receptor overexpressed in hepatocellular carcinoma cells. Moreover, the developed glycopolymer-based nanocarriers exhibit suitable physicochemical properties, namely in terms of size and surface charge, allowing the internalization by the clathrin-coated pit endocytic pathway. To improve the transfection efficiency of our best formulations, HCC cells were pre-incubated with a microtubule-depolymerizing drug. When combined with the HSV-Tk/GCV suicide gene therapy strategy, mediated by the developed nanocarriers, this microtubule-targeting agent with depolymerization properties induced a powerful enhancement in the antitumoral activity. In summary, the obtained results demonstrate the great potential of glycopolymers-based nanocarriers as an effective hepatic-targeted suicide gene therapy nanoplatform and highlight the importance of multi-therapy strategies for the treatment of advanced-HCC.

Importance of Research:

Gene therapy has become a promising therapeutic tool for the treatment of tumors via induction of apoptosis of cancer cells after delivery of anticancer genes into tumors. Despite the significant progress over the past few years in the field of nanotechnology, safe and efficient delivery of therapeutic genes into target cells remains a critical challenge in gene therapy. Therefore, the development of safe and efficient gene delivery platforms is crucial to the establishment of desired therapeutic effect. In this regard, glycopolymers based nanocarriers have been considered an attractive strategy for the delivery of genetic material due to their inherent biocompatibility, biodegradability, colloidal and tissue-specificity.4 However, the synthesis of glycopolymers remains laborious and complex, with polymer solubilization problems and requiring protection/deprotection chemistry. Reineke and Narain’s groups have been performed a remarkable work on the synthesis of cationic glycopolymers and evaluation of their transfection ability as a function of different synthetic parameters, such as molecular weights, carbohydrate content and glycopolymer composition (statistical/block copolymers). However, to the best of our knowledge, the effect of primary amine content on transfection activity and cytotoxicity of methacrylate-based glycoplexes have never been investigated in gene delivery. In this work, we propose the development of a novel HCC targeted glycopolymer-based nanocarrier to mediate suicide gene strategy, with powerful antitumoral effect against HCC cells. Firstly, a wide range of well-defined primary-amines polymethacrylates-based glycopolymers were synthesized by ARGET ATRP, a synthetic procedure that allows the control over the molecular weight of the polymers using a much lower concentration of the metal catalyst. The transfection efficiency of our best glycopolymer-based nanocarriers was improved by the pretreatment of HCC cells with an ant microtubule drug. As microtubules play a pivotal role in the intracellular trafficking of nanocarriers, this drug was used to enhance the transfection ability of nano vehicles, by helping to overcome the endolysosomal entrapment. The obtained results showed that, at low concentrations of this chemotherapeutic drug, the transgene expression of the developed nanocarriers was improved, without compromise the cytotoxicity. When combined with HSV-Tk/GCV suicide gene therapy, this microtubule-targeting agent exerts a dual effect: enhance HSV-TK gene expression, with a subsequent increase in the amount of the toxic ganciclovir triphosphate, and arrest the cell cycle at the mitosis level. Overall, the obtained results reveal the great potential of polymethacrylates-based glycopolymer as gene delivery nanosystems and demonstrate the potential of combined strategies for the treatment of HCC.
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