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Development of nanocarrier-mediated delivery of apoptosis-inducing gene for non­

surgical sterilization in male animals: a model for stray dog and cat population control 
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Chapter I 

Chitosan-based DNA delivery vector targeted to gonadotropin-releasing hormone 

(GnRH) receptor 

1.1 Introduction 

The direct use of nucleic acid as a therapeutic agent to treat gene-associated diseases (so-called 

gene therapy) by transferring exogenous nucleic acids into the appropriate cells has attracted great interest 

over the past few decades (Badiga, Chetty et al. 2011). In order to make great progress in gene therapy, it 

is of paramount importance to develop effective carriers capable of delivering a gene of interest to target 

cells to achieve sufficient and sustained transgene expression. Viral vectors have received considerable 

attention and become powerful tools of gene transfer. Unfortunately, the clinical application of viral 

vectors is limited because of unfavorable immunological features and mutagenic integration for some 

viruses. These concerns have driven extensive attention to the development of non-viral vectors (Morille, 

Passirani et al. 2008). Chitosan (CS) is a linear polysaccharide derived from the deacetylation of chitin 

found in the exoskeletons of crustaceans. Among non-viral vectors, chitosan has been exploited as gene­

delivery vectors due to its excellent biocompatibility and biodegradability (Saranya, Moorthi et al. 2011). 

However, the effectiveness of this system is hindered by its low transfection efficacy and low cell 

specificity (Prabaharan and Mano 2005). To overcome this limitation, ligands with high affinity and 

specificity, such as transferrin-,folate-, mannose-, and galactose-conjugated chitosan, have been integrated 

into gene delivery vector for receptor-mediated endocytosis (Jiang, Kwon et al. 2007).Gonadotropin­

releasing hormone ( GnRH) is a 10 amino acid peptide produced and secreted by the hypothalamus. GnRH 

binds to its receptor (GnRHR) on gonadotrope cells in the anterior pituitary, stimulating the biosynthesis 

and release of the gonadotropins, luteinizing hormone (LH) and follicle-stimulating hormone (FSH), 

affecting sex development and reproductive functions (Millar 2005). In addition to gonadotrope cells, 

GnRHR was found to be expressed in normal reproductive tissues (e.g. breast, endometrium, ovary, and 

prostate) (Cheung and Wong 2008). Interestingly, GnRHR are overexpressed in cancer tissues, either 

related (i.e. prostate, breast, endometrial, and ovarian cancers) or unrelated (i.e. melanoma, glioblastoma, 

lung, and pancreatic cancers) to the reproductive system. Therefore, it is possible that targeted gene 

delivery to GnRHR-expressing cells could be a valuable tool for 1) the treatment of certain gene disorders 

affecting sexual development and reproductive function (Ono and Harley 2012), 2) gene therapy of cancer 
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Construction of pDNA carrying a cDNA encoding mouse GnRH receptor 

The cDNA encoding a GnRH receptor was introduced into pSF plasmid. Briefly, the 50 L 

polymerase chain reaction (PCR) reaction was performed with 10 pg DNA templates, 0.5 µM primer 

pairs, 200 µM dNTP and 0.02 U Phusion Hot Start II DNA polymerase. The reaction was initiated by pre­

heating the reaction mixture to 98°Cfor 30 s; 25 cycles of98°C for 15 s, 6l 0C for 30 sand 72°C for 1mins 

(30 s/500 bp). The PCR products were evaluated by agarose gel electrophoresis. The digested PCR 

product was ligated to the pSF plasmid using the T4 Quick ligase. An aliquot of ligation reaction was 

transformed into E. coli competent cells strain DH5 and inoculated on LB agar plate containing 50 µg/ml 

tetracycline. Single colonies were picked and their plasmids were isolated by using a QIAprep Spin 

Miniprep kit (QIAGEN). The positive clones were selected by restriction digestions. 

Cell culture 

The human skin fibroblast (BJ) and the human embryonic kidney(HEK293T) cell lines were 

maintained in complete D-MEM medium supplemented with 10% Fetal Bovine Serum (FBS), Penicillin 

(l0Ounits/rnl), Streptomycin (100 g/ml) and L-glutamine (2 mM). Cells were grown at 37°C in a humid 

atmosphere of 5% CO2• 

Cytotoxicity 

In vitro cytotoxicity of GnRH-CS was evaluated by Cell Titer-Glo ® Luminescent Cell Viability 

assay system. BJ cells were seeded and cultured in medium containing cationic polymers with different 

concentrations. The cytotoxicity of GnRH-CS was examined 24 h post incubation. The cell viability was 

performed according to the manufacturer's instructions, and the results are expressed as thepercentage of 

cell viability. Cells were. also stained with the reagents in the LIVE/DEAD® Cell Viability/Cytotoxicity 

Assay Kit according to the manufacturer's instructions, and visualized under the fluorescence microscope. 

Amplification of plasmid DNA 

After transformation, plasmids were isolated and purified from the overnight Escherichia coli 

(E.coli) strain DH5U culture by using HiSpeed Plasmid Midi Kit. The concentration of plasmid DNA was 

determined by measuring the absorbance at 260 nm. The plasmid was stored at -2o·c until used. 
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Statistical analysis 

GraphPad Prism software (version 5.0) was used to perform statistical analyses. Data were 

presented as mean± standard error of the mean (s.e.m). P values were generated by one-way or two-way 

ANOVA, considered significant when <0.05 and denoted as follows:*p < 0.05, **p < 0.01 and ***p < 

0.001. 

1.3 Results and discussion 

Synthesis and characterization ofGnRH-CS 

The scheme for the overall synthesis is shown in Figure 3. By taking advantage of the previously 

developed N-succinyl chitosan(NSCS) derivative (Xiangyang, Ling et al. 2007, Xu, Bajaj et al. 2010, Toh, 

Chen et al. 2011), this strategy was exploited in order to incorporate GnRH into CS polymer. NSCS was 

therefore synthesized in the first step by reacting primary amino groups of low molecular weight CS with 

succinicanhydride under mild acidic condition. However, high degree of N-succinylation could interfere 

the electrostatic interaction between positively charged primary amino groups of CS and negative charge 

plasmid DNA. A vast majority of amino groups must be available to maintain the overall positive charge 

of CS (Bravo-Anaya, Soltero et al. 2016). We therefore modified CS polymer with low degree of N­

substitution. The use of GnRH as a targeting ligand for different classes of nanocarrier (namely, linear 

polymers, branched star-like dendrimers, liposomes, and lipid nanoparticles) has previously reported for 

delivery of anticancer compound (Dharap, Wang et al. 2005, Khandare, Chandna et al. 2006, Saad, 

Garbuzenko et al. 2008, Taratula, Kuzmov et al. 2013). These nanocarriers include linear Tax­

polyethylene glycol (PEG)-GnRH polymers, Tax-PAMAM (polyamidoamine)-GnRH dendrimers, Tax­

DSPE-PEG (1,2-distearoyl-sn-glycero- 3-phosphoethanol amine-N-amino polyethylene glycol)- GnRH 

liposomes, and nanostructured lipid nanocarrier (NLC) respectively, which have been developed for the 

targeted delivery of chemotherapeutic drugs and the last one for co-delivery of siRNA and 

chemotherapeutic drug. However, the specific purpose of this study was to develop GnRH-CS derivertives 

as nanocarrier for targeted gene delivery. Following synthesis ofNSCS with low degree ofN-substitution, 

conjugation between NSCS and GnRH was carried out in water by using EDC/NHS as covalent coupling 

agent to yield GnRH-CS. It is also interesting to note that conjugation of succinyl chitosan with other 

agents was mostly carried out in aqueous organic acid or some organic solvents. In contrast, in our work, 

the reaction was performed in water (see material and methods section) under mild condition without 

requiring any organic solvents or acid and heat that might affect the biological activity of GnRH peptide. 
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