Safety and biodistribution of pathogen mimicking polyanhydride nanovaccines
Julia Vela Ramirez1, Jonathan Goodman1, Rajarshi Roychoudhury2, Paola Boggiato3, Paul Lueth3, Bryan Bellaire3, Jesse Hostetter4, Nicola Pohl2, Michael Wannemuehler3 and Balaji Narasimhan1

1Department of Chemical and Biological Engineering, Iowa State University, Ames, Iowa 50011
2Department of Chemistry, Indiana University, Bloomington, IN 47405
3Department of Veterinary Microbiology and Preventive Medicine, Iowa State University, Ames, Iowa 50011
4Department of Veterinary Pathology, Iowa State University, Ames, Iowa 50011

The development of novel strategies to improve adjuvant formulations that can be targeted to immune cells to enhance the delivery of antigen by activation of specific receptors is an important area of interest in the design of vaccine formulations. The use of biodegradable particles has shown promising characteristics in this regard, with the particles playing dual roles, as adjuvants and delivery vehicles. These particles have demonstrated enhanced antigen presentation and stimulation of antigen presenting cells (APCs), which are fundamental in initiating an immune response. The particle surface can be functionalized to target them to cellular populations or receptors that are important in the initial immune response. In particular, C-type lectin receptors are pattern recognition receptors that recognize carbohydrate moieties (which are present in viruses and bacteria). In these studies, the safety and cellular distribution of pathogen mimicking carbohydrate-functionalized polyanhydride nanoparticles was analyzed.

After in vivo administration, nanoparticle formulations interact with a variety of cells, including APCs. The first step before analyzing the effects of active targeting strategies upon the efficacy of carbohydrate-functionalized nanoparticles is an assessment of their safety. In addition to the toxicity studies, an understanding of the distribution and uptake of these particles by cellular populations at the site of immunization is required to rationally select formulations that enable tailored immune responses. 

[bookmark: _GoBack]In these studies, the effect of carbohydrate functionalization on the safety and cellular biodistribution of polyanhydride nanoparticles following intranasal administration in Swiss Webster mice was investigated. Polyanhydride nanoparticles based on 1,6-bis-(p-carboxyphenoxy)hexane (CPH), and 1,8-bis-(p-carboxyphenoxy)-3,6-dioxaoctane (CPTEG) were used in this study. Surface functionalization with di-mannose, galactose and glycolic acid (as a control) was performed using an amine-carboxylic acid coupling reaction. Carbohydrate-functionalized polyanhydride nanoparticles showed no adverse consequences after intranasal administration in mice. Histopathology of liver, kidneys and lungs was analyzed. In addition, analysis of serum and urine biomarkers from mice that received a 5 mg dose of nanoparticle formulations subcutaneously showed no significant differences when compared to the corresponding markers from animals that received saline. The profile of cellular uptake and biodistribution was found to be dependent on the surface functionalization of the nanoparticles, however, all the treatment groups displayed enhanced internalization over 96 hours. We also developed a novel methodology to track the nanoparticles in lung tissue after paraffin-embedding using immunohistochemistry. Based on these analyses, carbohydrate-functionalized nanoparticles are safe for in vivo applications, however, there is a direct effect of the surface chemistry on their cellular biodistribution post-administration, which may have an important role in their performance and efficacy. This work has important implications for enhancing the in vivo performance of nanoparticle-based vaccine delivery systems.
