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            Abstract
Although mutations in cell cycle regulators or spindle proteins can perturb chromosome segregation1,2,3,4,5,6,7, the causes and consequences of spontaneous mitotic chromosome nondisjunction in human cells are not well understood. It has been assumed that nondisjunction of a chromosome during mitosis will yield two aneuploid daughter cells. Here we show that chromosome nondisjunction is tightly coupled to regulation of cytokinesis in human cell lines, such that nondisjunction results in the formation of tetraploid rather than aneuploid cells. We observed that spontaneously arising binucleated cells exhibited chromosome mis-segregation rates up to 166-fold higher than the overall mitotic population. Long-term imaging experiments indicated that most binucleated cells arose through a bipolar mitosis followed by regression of the cleavage furrow hours later. Nondisjunction occurred with high frequency in cells that became binucleated by furrow regression, but not in cells that completed cytokinesis to form two mononucleated cells. Our findings indicate that nondisjunction does not directly yield aneuploid cells, but rather tetraploid cells that may subsequently become aneuploid through further division. The coupling of spontaneous segregation errors to furrow regression provides a potential explanation for the prevalence of hyperdiploid chromosome number and centrosome amplification observed in many cancers8,9.
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                    Figure 1: 
                        Chromosome mis-segregation occurs at high frequency in spontaneously arising binucleated cells.
                      [image: ]


Figure 2: 
                        Nondisjunction occurs with high frequency in cells that become binucleated by furrow regression, but not in cells that complete cytokinesis.
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Figure 3: 
                        Fates of mononucleated and binucleated N/TERT-1 and HeLa cells determined by long-term imaging.
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Figure 4: 
                        Model summarizing the relationship of chromosome mis-segregation in the regulation of cytokinesis, and subsequent possible fates of resulting binucleated cells.
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        Editorial Summary
Cancer and cell division
A hypothesis about cancer initiation, first proposed nearly a century ago, has stood the test of time. German biologist Theodor Boveri suggested that a failure of cell division might produce tetraploid cells (containing a double chromosome quota) that then undergo multipolar mitosis, leading to genome instability that can trigger cancer. Fujiwara et al. tested the hypothesis using an actin inhibitor to block cell division and generate tetraploid cells. The resulting cells can be transformed in vitro and also generate tumours in mice. The transformed cells exhibit massive genomic instability, including an amplification of a region containing genes associated with breast cancers.
A second study shows that accurate chromosome segregation is coupled to the completion of cytokinesis in human cells. It had been assumed that if a pair of chromosomes failed to separate during cell division, two aneuploid daughter cells (not containing a multiple of the haploid chromosome number) would form. Instead, mitosis is halted and tetraploid cells are produced at least initially. This mechanism may explain why the loss or gain of a single chromosome is relatively rare in cancers and it may help prevent some cancers though tetraploid cells are, as Boveri suggested, also prone to forming cancers.
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