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Abstract 

In the last years, many works demonstrated the possibility to directly interact with the epigenetic 

signature of an adult mature cell, through the use of epigenetic modifiers, (Pennarossa et al., 2013; 

Brevini et al., 2014, Chandrakantan et al., 2016) and new mechanisms underlying this process have 

been recently described (Manzoni et al., 2016). In particular, the small molecule 5-azacytidine (5-aza-

CR) has been shown to induce a transient higher plasticity state in adult somatic cells, grown in 

standard 2D conditions. Recent evidence have also shown the possibility to regulate and maintain cell 

pluripotency through the use of 3D culture systems. In the experiments here presented, we combine 

the two approaches and investigate whether the simultaneous use of a 3D micro-bioreactor and 5-

aza-CR is able to promote cell rearrangement, boost the induction of high plasticity and stably 

maintain it. 

To this purpose, fibroblasts were either plated on plastic dishes (2D) or encapsulated in a Liquid 

Marble (LM) micro-bioreactor (polytetrafluoroethylene (PTFE)), which has been previously shown to 

support the growth of living microorganisms, tumor spheroids, fibroblasts, red blood cells, and 

embryonic stem cells (Ledda et al., 2016). Cells were then erased with 5-aza-CR, for 18 hours and 

cultured in Embryonic Stem Cell (ESC) medium for up to 28 days. Morphological analysis and 

pluripotency related gene expression levels were monitored for the entire length of the experiments. 

2D cells, kept a monolayer pattern and acquired a pluripotent state that was, however, transient and 

lost by day 6. In contrast the use of a 3D system maintained and stabilized the high plasticity state in 

LM cells until the end of the experiments (Fig. 1).  

The data obtained demonstrate that cell rearrangement and interactions may modulate 5-aza-CR 

induced plasticity and suggest a correlation between 3D mechano-transduction-related pathways and 

epigenetic regulation of cell phenotype. 
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Fig.1: A) Morphological changes in human erased skin fibroblasts plated on standard plastic dishes (plastic) or 
encapsulated in a LM micro-bioreactor (LM) at different time points. B) OCT4, NANOG and REX1 expression 
changes in mammalian skin fibroblasts plated on plastic dishes (blue) or encapsulated in a LM micro-bioreactor 
(red), exposed to 5-aza-CR for 18 hours (Post 5-aza-CR) and subsequently cultured in ESC medium up to 28 days 
(28d). Gene expression levels are reported with the highest expression set to 1 and all other times relative to this. 

 

 

References 

Brevini, T.A., Pennarossa, G., Rahman, M.M., Paffoni , A., Antonini,  S., Ragni, G., deEguileor,  M., Tettamanti,  G., 
Gandolfi, F., 2014. Morphological and molecular changes of human granulosa cells exposed to 5-Azacytidine and 
addressed toward muscular differentiation. Stem Cell Rev. 10(5), 633-42. 

Chandrakantan V., Yeola, A., Kwan,  J.C., Oliver, R.A.,  Qiao, Q., Kang, Y.C.,  Zarzour, P.,  Beck, D., Boelen, L., 
Unnikrishnan, A., Villanueva, J.E., Nunez, A.C., Knezevic, K., Palu, C., Nasrallah, R., Carnell, M., Macmillan, A., Whan, 
R., Yu, Y., Hardy, Philip, Grey, S.T., Gladbach, A., Delerue, F., Ittner, L., Mobbs, R., Walkley, C.R., Purton, L.E., Ward, 
R.L., Wong, J.W.H., Hesson, L.B., Walsh, W., Pimanda, J.E., 2016. PDGF-AbB and 5-Azacytidine induce conversion of 
somatic cells into tissue-regenerative multipotent stem cells.  Proc Natl Acad Sci U S A. 113, 2306-2315. 

Ledda, S., Idda, A., Kelly, J., Ariu, F., Bogliolo, L., Bebbere, D., 2016. A novel technique for in vitro maturation of sheep 
oocytes in a liquid marble microbioreactor. J Assist Reprod Genet. 33(4), 513-8. 

Manzoni, E.F., Pennarossa, G., deEguileor, M., Tettamanti, G., Gandolfi, F., Brevini, T.A.L., 2016. 5-azacytidine affects 
TET2 and histone transcription and reshapes morphology of human skin fibroblasts. Sci Rep. 6, 37017. 

Pennarossa, G., Maffei, S., Campagnol, M., Tarantini, L., Gandolfi, F., Brevini, T.A.L., 2013. Brief demethylation step 
allows the conversion of adult human skin fibroblasts into insulin secreting cells. Proc Natl Acad Sci U S A. 110, 8948-
8953. 

 

http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en

