Polyelectrolyte Microcapsules as multifunctional carriers for microparticulate antigen delivery

De Geest, B.G.;1 De Koker, S.; 2 Willart, M.A.; 3 Lambrecht, B.N.; 3 Vervaet, V.; 1 Remon, J.P.; 1 Grooten, J. 2
1 Laboratory of Pharmaceutical Technology, Department of Pharmaceutics, Ghent University, Ghent, Belgium

2 Laboratory of Molecular Immunology, Department of Molecular Biomedical Research, Ghent University, Ghent, Belgium

3 Laboratory of Immunoregulation and Mucosal Immunology, Department of Respiratory Diseases, Ghent University, Ghent, Belgium

Infectious diseases are a major treat to modern society and the innate human immune system is the number one defence system to offer protection against both bacterial and viral attack, as well as cancer. In many cases however, vaccines are required to activate the adaptive immune system against several specific pathogens. Synthetic recombinant vaccines are known to be little immunogenic and require a suitable carrier system (often called ‘adjuvant’) in order to induce potent immune responses. Common adjuvants (such as aluminium salts) serve merely as a depot system, only inducing humoral imm une responses while cellular immune responses (i.e. induction of cytotoxic T-cells (CTL) which kill off infected or malignant cells) are not triggered. Current insights in immunology, especially in how the immune system recognizes pathogens and translates this into the induction of the appropriate adaptive immune response, pave the way for a more rational vaccine design. Besides the choice of the antigen and the addition of immunopotentiators, it has become clear that also the way this antigen is delivered to the immune system dramatically affects the outcome of  immunisation. 

Generally spoken at least three major advantages of microparticulate antigen delivery can be defined. First, encapsulation in particles with sizes varying from 1-10 µm enhances, due to cell type dependent size limitations, their uptake by professional antigen presenting cells such as dendritic cells (DC’s). Second, uptake of antigens in a particulate form appears to strongly augment antigen presentation via MHCI (major histocompatibility complex I), a feature hardly achievable when using soluble antigens. MHCI mediated presentation is crucial for the induction of CD8 cytotoxic T cell responses. Third, the potency of an immune response is strongly increased when both antigen and adjuvant are co-delivered to the same intracellular compartment of the same antigen presenting cell. This means that strategies allowing an efficient co-encapsulation of antigen and immunopotentiator in the same particle could strongly enhance vaccine efficiency. These requirements for improved vaccination are unmet by traditional vaccination strategies which commonly involve the use of aluminum salts or oil/water emulsions, merely generating a depot effect.

In this presentation we explore the potential of polyelectrolyte microcapsules to encapsulate and delivery antigens to antigen presenting cells, both in vitro and in vivo by pulmonary as well as by parenteral administration. Polyelectrolyte microcapsules are fabricated by layer-by-layer (LbL) coating of sacrificial antigen laden calcium carbonate micropartciles with biodegradable polyelectrolytes followed by the dissolution of the calcium carbonate template. This mild procedure allows the synthesis of monodisperse micron sized hollow capsules that encapsulae antigen with high efficiencies. Moreover the capsule surface can be functionalized with additional motifs that can be used to modulate the induced immune response.
