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Organoids enable the study of organs in 3D models, allowing modification of genetic and environmental factors that influence ultimate function.[footnoteRef:1] Organoids are essentially microcosms of organs, recapitulating organ function. Derived from stem cells, organoids are propagated in culture in three-dimensional cell clusters for later experimentation.[footnoteRef:2] Organoids develop upon the culture of pluripotent cells - meaning that organoids may develop into any of a variety of different mature cell types when placed in an amenable environment for growth- hES (human embryonic stem) and hiPS (human induced pluripotent stem) cells.[footnoteRef:3] The stem cell origins of organoids enables them to develop into a multitude of different organoid types.[footnoteRef:4]  In this fashion, organoids are capable of regenerating and modeling development and disease in organs such as the liver, pancreas, lung, intestine, stomach, prostate, breast, and brain.[footnoteRef:5] [footnoteRef:6] [footnoteRef:7] [footnoteRef:8] [footnoteRef:9]  Thus, biomedical research in vitro and in vivo using organoids has potential uses for diagnostics, precision and personalized medicine, tissue regeneration and transplantation.[footnoteRef:10] [footnoteRef:11]   [1:  Shamir, E.R., and A.J. Ewald. 2014. Three-dimensional organotypic culture: Experimental models of mammalian biology and disease. Nat. Rev. Mol. Cell Biol.15:647–664. 
]  [2:  Marina Simian and Mina J. Bissell. Organoids: A historical perspective of thinking in three dimensions. J Cell Biol (2017) 216 (1): 31–40.
]  [3:  Shamir, E.R., and A.J. Ewald. 2014. Three-dimensional organotypic culture: Experimental models of mammalian biology and disease. Nat. Rev. Mol. Cell Biol.15: 647–664. 
]  [4:  Meritxell Huch and Bon-Kyoung Koo. Modeling mouse and human development using organoid cultures. Development. vol. 142: 3113-3125.  2015. Online: http://dev.biologists.org/content/142/18/3113. Retrieved 15 March 2018.
]  [5:  Marius Ader and Elly M Tanaka. Modeling human development in 3D culture. Current Opinion in Cell Biology. Volume 31, December 2014, Pages 23-28.  Online: http://www.sciencedirect.com/science/article/pii/S0955067414000842. Retrieved 15 March 2018.
]  [6:  Broutier, Laura et al. Culture and establishment of self-renewing human and mouse adult liver and pancreas 3D organoids and their genetic manipulation. Nature Protocols volume 11, pages 1724–1743 (2016). Online: http://www.nature.com/nprot/journal/v11/n9/full/nprot.2016.097.html. Retrieved 15 March 2018.
]  [7:  Dye, B.R. et al. Lung organoids. Nature Methods. volume 12, p. 388. 29 April 2015. Online: http://www.nature.com/nmeth/journal/v12/n5/full/nmeth.3378.html. Retrieved 15 March 2018.
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]  [9:  Stuart M. Chambers,  Jason Tchieu, Lorenz Studer. Build-a-Brain. Volume 13, Issue 4, 3 October 2013, Pages 377-378. Online: http://www.cell.com/cell-stem-cell/fulltext/S1934-5909(13)00410-4. Retrieved 15 March 2018.
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] 

Yet, ethical considerations are increasingly debated as demand for brain organoid technology increases and clinical trials progress.[footnoteRef:12] [footnoteRef:13] [footnoteRef:14] [footnoteRef:15] Concerns regarding the potential sentience of cerebral organoids have left neuroethicists and bioethicists in a quandary regarding the morality of their creation and use.[footnoteRef:16] Recently, scientists detected brain wave activity which mimicked that of whole brain specimens in brain organoids.[footnoteRef:17] The brain wave activity was positively correlated with the age and maturity of the brain cells.[footnoteRef:18] Although many scientific entities, including EuroStemCell, a research initiative supported by the European Union’s Horizon 2020 program, currently deny that brain organoids are capable of consciousness or higher-order thinking, this does not mean that brain organoids will remain incapable of such activity.[footnoteRef:19] As brain organoid technology becomes more sophisticated, clinical and research teams must consider how they will adeptly weigh legal and ethical concerns of informed consent, human rights, and a host of other relevant issues. This research project will examine how clinicians, ethicists, policymakers, and legal scholars may address some of these future brain organoid concerns. [12:  Nita Farahany et al. The ethics of experimenting with human brain tissue. 25 April 2018. https://www.nature.com/articles/d41586-018-04813-x.]  [13:  Aliya Fatehullah, Si Hui Tan, and Nick Barker. Organoids as an in vitro model of human development and disease. 25 February 2016. Nature Cell Biology. volume 18, pages 246–254 (2016). Online:  http://www.nature.com/ncb/journal/v18/n3/full/ncb3312.html. 15 March 2018.
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