Novel Formulation of PGLA nanoparticles for targeted glioblastoma chemotherapy
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INTRODUCTION

Poly-lactide-co-glycolide (PLGA) is a biodegradable polymer that has been approved by U.S Food Drug Administration (FDA) and European Medicines Agency (EMA) for therapeutic use in human. Furthermore, it is being extensively studied as nanoparticulate drug delivery system. The most attractive feature of PLGA nanoparticles is that they could be tuned into functionalized nanoparticles having desired physicochemical properties. In particular, active targeting can be made possible with PLGA nanoparticle by conjugating targeting ligand within the PLGA.

Pimozide is a first-generation antipsychotic drug used in schizophrenia and Tourette syndrome, and other psychotic disorder. Interestingly, it was reported as anticancer agent in several studies. However, no study has developed pimozide formulation aiming for cancer therapy.
Glioblastoma is a deadly brain cancer that is not completely treatable with current clinical interventions. Studies suggest that antipsychotic agent pimozide inhabits glioblastoma cells. However, using free-pimozide for glioblastoma chemotherapy only would not be possible as it would induce severe side effects, along with its antipsychotic effect. Targeted delivery of pimozide by PLGA nanoparticles could be a potential therapeutic option for glioblastoma. However, blood-brain barrier (BBB) poses a threat to nanoparticles. In this case, PLGA nanoparticles functionalised with transferrin (TF) could selectively target transferrin receptor (TFR) proteins that are expressed by BBB lining capillary endothelial cells. PLGA-TF complex would be then transported across the BBB by clathrin-mediated endocytosis. Interestingly, glioblastoma cells overexpress TFR receptors, which would be again selectively targeted by PLGA-TF nanoparticles.

Earlier, we developed PLGA-PEG nanoparticles with tuned physicochemical properties, such as sub 100 nm particle size and over 70% drug encapsulation efficiency. This study aims to develop targeted nanoparticles (PLGA-PEG-TF) and evaluate them on glioblastoma cell lines.
Objectives
The objectives of this study are-

· To functionalise PLGA-PEG nanoparticles with transferrin.

· To confirm the expression of TFR proteins on glioblastoma cell lines.

· To evaluate the cytotoxicity of PGLA-PEG-TF nanoparticles on glioblastoma cell line.
materials and methods
Nanoparticles were prepared by a staggered herringbone micromixing method, using a benchtop NanoAssemblr® (Precision NanoSystems™, Canada). Particle size and charge were analysed by dynamic light scattering (DLS), using Zetasizer ZSP instrument (Malvern Panalytical, UK). Drug encapsulation efficiency (EE) was analysed by a validated ultra-high-performance liquid chromatography (UHPLC). The morphology of the nanoparticles was analysed by transmission electron microscopy (TEM). Adsorbed transferrin (TF) on the nanoparticles was quantified by an indirect method using micro-BCA protein assay.

For in vitro evaluation, patient-derived glioblastoma cell lines, namely E2, G7, R24, and GLG were cultured on advanced Dulbecco’s modified Eagle medium (DMEM). Transferrin receptors (TFR) expression on these four cell lines was investigated by Western blot analysis. Finally, the cytotoxicity of targeted nanoparticles was evaluated on the cell line that mostly expressed TFR, performing cell proliferation assay using a live-cell analysis system IncuCyte® ZOOM (Essen BioScience, UK).
results and discussions
Increased particle size (observed by DLS) confirmed TF adsorption on PLGA (Table 1). Further, TEM and BCA protein assay confirmed the transferrin adsorption (data not shown).
Western blot analysis showed that two types of TFR receptors (TFR1 and TFR1) were expressed on three cell lines out of four tested in this study (Figure 1). It can be observed that TFR1 was expressed most on E2 cell line. Accordingly, cell proliferation assay of E2 cell line showed that PLGA-PEG-TF nanoparticles effectively inhibited the growth of glioblastoma cells (Figure 2). This finding was further supported by the phase contrast images that were taken after treatment of nanoparticles (Figure 3).
	NPs
	Particle size

(nm)
	Zeta potential (mV)
	Encapsulation efficiency

%(EE)

	PLGA-PEG
	61±1
	-18 ± 2
	73±4

	PLGA-PEG-TF
	74±6
	-10 ± 2
	47±3


Table 1. Physicochemical characterisation of nanoparticles
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Figure 1: Western blot analysis showing TFR expression on glioblastoma cell lines.
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Figure 2: Cytotoxicity of targeted nanoparticles (PLGA-PEG-TF) on glioblastoma cell line E2.
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Figure 3: Phase contrast images of glioblastoma cells at day 3 after treated with targeted and non-targeted PLGA nanoparticles.
Conclusions
This study aimed to target glioblastoma cells with pimozide-encapsulated PLGA-PEG-TF nanoparticles that would, when treated, selectively bind with TFR on the cell surface, and get internalized by clathrin-mediated endocytosis. Thus, pimozide would only kill glioblastoma cells if delivered with targeted nanoparticles.

Our results, with sub 100 nm particle size even after TF adsorption, ~50% drug encapsulation efficiency, positive TFR expression on glioblastoma cells, and effective inhibition of glioblastoma cell growth support the hypothesis. However, in vivo studies are required for its development into nanomedicines.
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