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                                         12th October 2019



Dear Dr Nandita Singh,

We would very much appreciate it if you could consider our manuscript for publication in your respectable journal, JOVE.

Microfluidics production of lysolipid-containing temperature-sensitive liposomes
by Calvin C.L. Cheung, Guanglong Ma, Amalia Ruiz, and Wafa T. Al-Jamal

Lysolipid-containing temperature-sensitive liposomes (LTSLs) formulation is a clinically relevant liposomal product that has been developed to deliver the chemotherapeutic drug doxorubicin (DOX) and allows temperature-triggered burst release through mild hyperthermia. The formulation consists of main phospholipid 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), lysolipid 1-stearoyl-2-hydroxy-sn-glycero-3-phosphatidylcholine (MSPC) and PEGylated lipid 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000] (DSPE-PEG2000). Upon reaching the phase transition temperature (Tm ≈ 41°C), the lysolipid and DSPE-PEG2000 together facilitate the formation of membrane pores, resulting in a burst release of the drug. The preparation of LTSLs primarily uses a bulk top-down approach, namely lipid film hydration and extrusion. It remains challenging to reproducibly prepare various batches with identical properties and in sufficient quantities for clinical applications.
Microfluidics is an emerging technique for preparing liposomes, offering tunable nanoparticle size, reproducibility, and scalability. A major advantage of microfluidics over conventional bulk techniques is the ability to handle small liquid volumes with high controllability in space and time through miniaturization, while operating in a continuous and automated manner. Production of liposomes with microfluidic devices is achieved by a bottom-up nanoprecipitation approach, which is more time and energy efficient because homogenization processes such as extrusion and sonication are unnecessary.
The presented protocol enables a high-throughput continuous preparation of LTSLs, which is capable of loading chemotherapeutic drugs, such as doxorubicin (DOX). To achieve this, an ethanolic lipid mixture and ammonium sulfate solution are injected into a staggered herringbone micromixer (SHM) microfluidic device. The solutions are rapidly mixed by the SHM, providing a homogeneous solvent environment for liposomes self-assembly. Collected liposomes are first annealed, then dialyzed to remove residual ethanol. An ammonium sulfate pH-gradient is established through buffer exchange of the external solution using by size exclusion chromatography. DOX is then remotely loaded into the liposomes with high encapsulation efficiency (> 80%). The liposomes obtained are homogenous in size with Z-average diameter of 100 nm. They are capable of temperature-triggered burst release of encapsulated DOX in the presence of mild hyperthermia (42 °C). Indocyanine green (ICG) can also be co-loaded into the liposomes for near-infrared laser-triggered DOX release. The microfluidic approach ensures high-throughput, reproducible and scalable preparation of LTSLs. 
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