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ABSTRACT

Cationic liposomes, nonviral gene delivery vectors, have advantages such as opportunities
for chemical or physical manipulation and large scale production. Although they are widely used, their
disadvantages are cytotoxicity and low transfection efficiency. Lipofectamine™ (LF), a commercial
cationic liposome, has been reported for its cytotoxicity involving reactive oxygen species (ROS) but
the underlying mechanism is still unclear. The aims of this study carried out in human lung epithelial
cancer cells (H460 cells) were to determine the mechanism, to identify specific ROS involved, and to
reduce its cytotoxicity by various antioxidants such as chemicals, enzymes, or herbal extracts.

The results showed that LF-induced apoptosis of H460 cells occurred through a
mechanism involving caspase activation and ROS generation. Inhibition of caspase activity by caspase
inhibitors (pan-caspase, caspase-8 or caspase-9 inhibitors) could restrain the apoptotic effect of LF.
Overexpression of FLICE-inhibitory protein (FLIP) or B-cell lymphoma-2 (Bcl-2) protein, which are
known as inhibitors of the extrinsic and intrinsic death pathway, respectively, could additionally inhibit
apoptosis by LF. Induction of apoptosis by LF was shown to require ROS generation since its inhibition
by ROS scavengers or by ectopic expression of antioxidant enzyme superoxide dismutase and
glutathione peroxidase strongly inhibited the apoptotic effect of LF. The primary ROS that was
responsible for LF-induced apoptosis was found to be superoxide. The mechanism by which ROS
mediated the apoptotic effect of LF involved down-regulation of FLIP. Apart from ROS scavengers or
antioxidant enzymes, herbal root extracts from Asparagus racemosus was shown to exhibit protective
effect against LF-induced apoptosis in H460 cells. Due to the fact that LF death signaling pathway was
elucidated, the use of antioxidant was advised and the promising protective herbal extract from such
cytotoxicity was proposed. Consequently, a novel mechanism of apoptosis regulation in LF death
signaling may be exploited to decrease cytotoxicity and increase gene transfection efficiency of cationic

liposomes.
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