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Abstract: The efficacy of recombinant adeno-associated virus (rAAV) vector-mediated gene delivery to the
gastrointestinal tract has been paid a considerable attention over the last 10 years, since our first report on the
oral gene pill strategy in Nature Medicine, even though there are still several potential obstacles for this route to
overcome in order to obtain efficient gene delivery. The preclinical results of oral rAAV gene medicine are
summarized in this review, and special attention is paid on its pharmacokinetic and pharmacodynamic aspects
with an emphasis on drug delivery, absorption, distribution and transduction. The rAAV based vectors have
been shown promising results in human clinical trials with fewer safety concerns over other gene medicines.
However, the underlying mechanisms and biopharmaceutical features of oral rAAV gene medicine remain to be
explored extensively and intensively to develop this novel technology as a treatment for a wider range of diseases.
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Figure 1 Schematic depiction of the pathways available for
oral rAAV gene medicine absorption. 1: Direct transduction of
the epithelial cells; 2: Paracellular pathway (in between adjacent
cells). In order to open this pathway, it is necessary to alter or
disrupt the tight junctions that exist between cells; 3: Transcellular
pathway (through the epithelial cells); 4: M cell mediated
transport; 5: Direct uptaking by dendritic cells. E: Epithelial cells;
M: M cells; DC: Dendritic cells; L: Lymphocytes
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Figure 2 Schematic depiction of the eight steps of wild AAV
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transduction of host cells 1: Binding to membrane receptors;

2: Endocytosis by the cell; 3: Intracellular trafficking through the
endosomal compartment; 4: Escape from the endosome; 5: Virion
uncoating; 6: Entry into the nucleus; 7: Viral genome conversion
from a single-stranded to a double-stranded genome; and 8:
Integrating into the host genome and expression the encoded genes
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Table 1 Excipients of rAAV gene medicine formulation and their mechanisms

Category Example

Mechanism

Cyclodextrin
pH Buffer
Sugar
Surfactant

Mucolytic agent
Cationic polymer

Protease inhibitor

Calcium chelators

p-Cyclodextrin

NaHCOs

Sucrose, trehalose, chitosan

Pluronic F68, bile salt, fatty acid
n-Dodecyl-B-D-maltoside®”), dithiothreitol*!

Polylysine, protamine*®!

Aprotinin!*
MG-101 (N-acetyl-l-leucyl-l-leucyl-norleucine)**!

EDTA

Form inclusion complex and inhibit aggregation
Neutralize gastric acid
Inhibit aggregation and increase paracellular transport

Inhibit aggregation, permeabilize cell membrane, open tight junction

Dissolve thick mucus, lower the viscosity of mucin, facilitate improve the
access of intestinal epithelial cells to vectors
Compact rAAV into positively charged particle, facilitate rAAV to interact
with anionic proteoglycans at the cell surface

Inhibit the activity of trypsin and chymotrypsin within the intestinal lumen
Inhibit the activity of intracellular chymotrypsin-like proteasome

Ca”" depletion, disrupt actin filaments, open tight junction
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