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Abstract: Here, we report the hypoxia-responsive ionizable liposomes to deliver small 

interference RNA (siRNA) anticancer drugs, which can selectively enhance cellular uptake 

of the siRNA under hypoxic and low-pH conditions to cure glioma. For this purpose, malate  

dehydrogenase lipid molecules were synthesized, which contain nitroimidazole groups that 

impart hypoxia sensitivity and specificity as hydrophobic tails, and tertiary amines as hydrophilic 

head groups. These malate dehydrogenase molecules, together with DSPE-PEG2000 and 

cholesterol, were self-assembled into O′1,O1-(3-(dimethylamino)propane-1,2-diyl) 16-bis(2-(2-

methyl-5-nitro-1H-imidazol-1-yl)ethyl) di(hexadecanedioate) liposomes (MLP) to encapsulate 

siRNA through electrostatic interaction. Our study showed that the MLP could deliver polo-like 

kinase 1 siRNA (siPLK1) into glioma cells and effectively enhance the cellular uptake of MLP/

siPLK1 because of increased positive charges induced by hypoxia and low pH. Moreover, MLP/

siPLK1 was shown to be very effective in inhibiting the growth of glioma cells both in vitro and 

in vivo. Therefore, the MLP is a promising siRNA delivery system for tumor therapy.
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Introduction
Gene silencing through RNA interference (RNAi) has been demonstrated as a great 

potential therapeutic agent for cancer treatment.1,2 Accumulating evidences have 

suggested that small interference RNAs (siRNAs), a class of small regulatory RNAs 

that recognize and degrade the complementary target messenger RNAs (mRNAs) in 

a sequence-specific manner at a post-transcriptional level, are linked to cancer forma-

tion and progression.3 Recently, RNAi-based gene silencing approaches have been 

demonstrated in humans, and hold promise for cancer treatment.4,5 Nevertheless, due 

to poor stability of siRNA in physiological conditions and its inability to cross cellular 

membranes, the in vivo delivery of siRNA holds a great challenge and remains a crucial 

issue for its therapeutic success.6 Many kinds of nanosized cationic delivery systems 

have been developed for siRNAs delivery through electrostatic interaction, such as 

cationic polymers7–9 and cationic lipids,10,11 among which cationic lipids are the most 

widely used for systemic delivery of RNAi therapeutics in vivo. However, the toxicity 

is still an obstacle to the application of cationic lipids in siRNA delivery. The toxicity 

of cationic lipids is mainly determined by their cationic nature.12,13 The positive zeta 

potential of nanoparticles (NPs) is required for binding siRNAs and their uptake by 

tumor cells. Therefore, designing a liposome with high siRNA loading capacity, high 

transfection efficiency, and low cytotoxicity is of great significance for therapeutic 

gene delivery, which remains highly challenging.
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