Liposomes as powerful tool to improve therapy of metastasis
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Metastasis generally, and metastasis into the brain in particular, remaining to be the reason for the high mortality among cancer patients. Therefore, further improvement of existing strategies, but moreover, the development of new ones focusing on specific targets within the complex, multi step process of metastasis, is highly necessary to prevent formation of metastases or to inhibit metastatic tumor growth.
We applied liposome technology to interfere with the process of blood-born metastasis and used liposomes also to improve drug transport across cell barriers like the epithelial cell barrier to enhance the antitumor effect of known drugs.
Clear evidence exists for the participation of blood components in the process of tumor cell resettlement after circulation, where especially platelets seem to play a key role. An interaction between platelets and circulating tumor cells can result in aggregates which facilitate the formation of metastatic nodules. To prevent this process, we developed new dual liposomes which encapsulate together a cytotoxic drug (Perifosine) to attack the tumor cell, and a haemostatic inhibitor (Pyridamole or Cilostazol) to inhibit simultaneously platelet aggregation. It could be demonstrated that these dual liposomes potently inhibit platelet aggregation and complex formation in vitro. Moreover, a single injection of 100 nmol liposomes reduced significantly the number of pulmonary and extrapulmonary metastases in the nude mice xenograft model of human MT-3 breast carcinoma but also in the murine 4T1 breast cancer metastasis model, by up to 90 and 55 %, respectively.
Drug transport across the brain-blood barrier is another serious challenge for treatment of brain cancer and metastases in the brain. This barrier, formed by a tight cell layer, efficiently limits the transport of harmful compounds, including of most anticancer drugs, into the brain. An encapsulation of such small, hydrophilic molecules into liposomal vesicles is a possibility to enhance the drug concentration in the brain. More than 25 small vesicles were prepared to investigate the influence of membrane composition and bilayer properties on cellular uptake by and trans-cellular transport across a cell barrier using Madin-Darby canine kidney (MDCK) epithelial cells. It could be demonstrated in vitro that uptake by these cells was mainly depending on membrane fluidity and vesicle charge. Especially dioleylphosphatidylethanolamine (DOPE), which caused an increase in membrane fluidity deeper in the bilayer, and a positive charge, enhancing the binding to the negatively charged cell membrane, increased cellular uptake. Transcytosis was mostly promoted by the combination of the helper lipid DOPE and Perifosine, resulting in a transport of 28 % of total liposomal marker added. These liposomes were also loaded with Mitoxantrone (MTO) and used for systemic treatment of experimental human MT-3 breast cancer metastases in the brain of nude mice. These liposomes clearly reduced systemic side effects of MTO (dehydration and gastrointestinal problems) and significantly inhibited the tumor growth in this MT-3 model by 67%. This indicates an improved trans-barrier transport of MTO into the brain. 
We expect that the application of fluid drug-loaded liposomes improves generally the restricted transport of hydrophilic drugs across the blood-brain-barrier and enables a better treatment of brain tumors or brain metastases.

