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Thesis Summary (approx.800 English Words )

Drug delivery to intestinal antigen presenting cells (APCs) is a challenging task due to the harsh and diverse environment
in mammalian gastrointestinal (GI) tract, short retention time in intestines, mucosal and endothelial barriers which prevent
the drugs from accessing Peyer’s patches where APCs resides. To deliver drugs to intestinal APCs, the drugs should be
encapsulated in carriers which are stable against environment in GI tract and possess APCs-targeting capability. In this study,
a targeted ligand drug delivery system to target intestinal APCs was developed through coating of carriers with SlpB from
Levilactobacillus brevis.

SlpB from Lv. brevis was extracted with 5 M lithium chloride solution and coated on drug carriers. The adsorption
capacity of SlpB on all drug carriers evaluated in this study was 400 mg g' [SlpB LP']. The adsorption curve was compared
to the concentration of SlpB required to achieve maximum stability of SlpB-coated liposome (SlpB-LP), and the liposome
coated with SlpB at maximum coating capacity showed maximum stability. Formation of 12.9 nm-thick layer of SlpB on
liposome was observed with microscopy, and analysis with electrophoretic mobility showed that SIpB reduces { potential of
anionic liposomes. Improvement of colloid stability of liposome via SlpB-coating due to increase in absolute { potential was
confirmed with narrower size distribution of SlpB-LP.

SlpB-coating enhance stability of liposome against pH ranging from pH 2 - 9. Robustness of SlpB-adsorption on the
surface of liposome under various pH was confirmed, and the result suggests that SlpB-adsorption was stable. Furthermore,
stability against 0.5 - 3.0% gall solution which can emulsify liposome, and stability against simulated gastric fluid and
simulated intestinal fluid which contains pepsin and pancreatin were also improved by SlpB-coating. The result suggests that
SlpB has improved stability of liposomes under all gut-mimicking environments.

Furthermore, endocytosis of SlpB-coated carriers was evaluated with dendritic cell (DC) and macrophage (M®). I have
found that SlpB-coating has significantly enhanced endocytosis of carriers into DC and M®. The effect of size of liposome
on endocytosis was negligible. Investigation of receptors which binds to SlpB suggests that SIpB binds to DC-SIGN and
Mincle which are both C-type lectins, through glycan chain.

In vivo study suggests that SlpB could improve stability of liposome in GI tract by 5.4- and 6.1-fold at 1 h and 3 h after
oral administration. SlpB has facilitated enrichment of LP in Peyer’s patches and blood, while no unspecific absorption into
intestine and low retention in liver was detected. Enrichment of liposome in Peyer’s patches is correlated to bioavailability,
and SIpB has improved bioavailability by 427.6-fold. Unlike SlpA, no unspecific absorption of SIpB-LP to intestine and
mucosal layer was detected. The route of SlpB-LP delivery to intestinal APCs was through transcytosis by M cells and
specific endocytosis by CD23* APCs, which consist of follicular DC and M®. Improved antigen presentation at
interfollicular region and germinal centre were also confirmed.

Moreover, SlpB also exhibit adjuvant effect which might improve therapeutic effect of drug. Production of IL-6, IL-10,




IL-12 and IL-17 increased significantly when DC was co-stimulated with ovalbumin and SlpB or lipopolysaccharide and
SIpB. Evaluation with o-galactosylceramide-loaded liposome (““CLP) showed increase in expression of anti-tumour
cytokines both in vitro and in vivo. For instance, SIpB-““CLP has increased production of IL-12 and decreased production of
IL-10, while upregulated expression of IL-6, IL-10, TNF-o in DC. On the other hand, in situ expression of IL-4 and IL-5
were downregulated, while expression of IL-12, IFN-y and TNF-a were upregulated in Peyer’s patches of mice administered
with SlpB-*SCLP compared to “SCLP. The results have suggested that oral delivery of SlpB-LP could enhance therapeutic
effect through improved stability of liposome, specific uptake of drug carriers by APCs, and induction of adjuvant effect,
which has stimulated injection-like effect.

To investigate the mechanism of SlpB-binding to APCs, presence of glycan chain in SlpB was investigated. N-glycan
structure was revealed in SlpB by treatment with N-glycosidase. The function of sugar chain in DC-interaction was
confirmed with competitive assay with D-glucose, D-galactose and D-mannose. Fragments of trypsinised SlpB which are
responsible for DC-binding were identified, and the result suggests that 4 fragments with highest hydrophilicity were
responsible in DC-binding.

In conclusion, coating of SlpB from Lv. brevis has improved stability of liposome, functionalised to enhance transcytosis
through M cells, enhanced endocytosis by APCs via specific binding with the receptors and potentiated the therapeutic of

drugs.
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