Influence of medium composition and dimensionality of culture on tumour cell characteristics
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Introduction. Melbourne medium (MM), a plasma-like physiological medium developed by our group, is contrasted with hyper-nutritional conventional cell culture medium (CM) and Human Plasma-Like Medium (HPLM) for influence on the breast cancer cell proteome and cell migration. The influence of medium composition and 3D vs. 2D culture on cell proteome and drug effectiveness was also explored.
Aims. To use global proteomics to study protein expression profiles in in vitro breast cancer models established using MCF-7 and MDA-MB-231 cells in 2D and 3D, to compare the effectiveness of selected breast cancer drugs in different experimental conditions, and to explore the influence of medium composition on breast cancer cell migration.
Methods. The protein expression profiles in MDA-MB-231 and MCF7 cells in 2D and 3D (MM vs. CM vs. HPLM) were established by global proteomics. Acridine orange and ethidium bromide (AO/EB) staining was used in combination with Operetta high content imaging for viable and non-viable cell numeration in 2D conditions. A new 3D viability assessment using Propidium iodide and Hoechst 33342 staining, Zeiss LSM 900 Airyscan2 Confocal live cell imaging system and Imaris software was established for 3D viability assessment. Scratch-wound healing assay was used to study the migration of MCF-7 and MDA-MB-231 cells in the 3 different media.
Results. In MDA-MB-231, 284 and 71 proteins were found to be upregulated in CM compared to MM in 2D and 3D, respectively; 199 and 198 proteins were downregulated in CM compared to MM in 2D and 3D, respectively. The results for MCF-7 cells showed similar trends. Several drugs including paclitaxel, doxorubicin showed differences in drug effectiveness between CM and MM groups in both cell lines. However, the differences were reduced after adding FCS to the media. Medium composition has a larger influence on drug potency in 2D than that in 3D culture. Medium composition has significant influence on cell migration ability, where both cell lines had higher migration speed in MM and CM compared to that in HPLM. 
Discussion. Cell migration, proteome profiles and the effectiveness of breast cancer drugs were greatly influenced by medium composition. Dimensionality of culture had significant impact on cell proteome and effectiveness of drugs.
