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            Abstract
Mutations in mitochondrial DNA (mtDNA) are associated with severe human diseases and are maternally inherited through the eggâ€™s cytoplasm. Here we investigated the feasibility of mtDNA replacement in human oocytes by spindle transfer (ST; also called spindleâ€“chromosomal complex transfer). Of 106 human oocytes donated for research, 65 were subjected to reciprocal ST and 33 served as controls. Fertilization rate in ST oocytes (73%) was similar to controls (75%); however, a significant portion of ST zygotes (52%) showed abnormal fertilization as determined by an irregular number of pronuclei. Among normally fertilized ST zygotes, blastocyst development (62%) and embryonic stem cell isolation (38%) rates were comparable to controls. All embryonic stem cell lines derived from ST zygotes had normal euploid karyotypes and contained exclusively donor mtDNA. The mtDNA can be efficiently replaced in human oocytes. Although some ST oocytes displayed abnormal fertilization, remaining embryos were capable of developing to blastocysts and producing embryonic stem cells similar to controls.
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                    Figure 1: 
                        Experimental design and main outcomes after ST with human oocytes.
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Figure 2: 
                        Abnormal pronuclear formation and spindle morphology in human ST zygotes.
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Figure 3: 
                        Genetic analysis of ESCs derived from human ST embryos.
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        Editorial Summary
Mitochondrial gene replacement
Mutations in mitochondrial DNA (mtDNA) cause various human diseases. Their inheritance is through the mother because all zygotic mitochondria derive from the oocyte. Shoukhrat Mitalipov and colleagues previously reported proof-of-concept replacement of mtDNA through chromosome spindle transfer in macaque oocytes, and here they extend the technology to human oocytes. They also report on the health of a 3-year-old macaque born from an mtDNA-replaced oocyte. This work suggests that replacement therapy for mtDNA disorders could become a reality. Dieter Egli and colleagues took a different approach: they performed nuclear genome transfer between unfertilized human oocytes from two different donors. The resulting oocytes retained the ability to develop to the blastocyst stage and to produce embryonic stem cell lines with normal karyotypes. This technique has the potential to prevent the transmission of mtDNA mutations without causing manipulation-induced karyotypic abnormalities.
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