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            Abstract
Nuclear-architecture defects have been shown to correlate with the manifestation of a number of human diseases as well as ageing1,2,3,4. It is therefore plausible that diseases whose manifestations correlate with ageing might be connected to the appearance of nuclear aberrations over time. We decided to evaluate nuclear organization in the context of ageing-associated disorders by focusing on a leucine-rich repeat kinase 2 (LRRK2) dominant mutation (G2019S; glycine-to-serine substitution at amino acid 2019), which is associated with familial and sporadic Parkinsonâ€™s disease as well as impairment of adult neurogenesis in mice5. Here we report on the generation of induced pluripotent stem cells (iPSCs) derived from Parkinsonâ€™s disease patients and the implications of LRRK2(G2019S) mutation in human neural-stem-cell (NSC) populations. Mutant NSCs showed increased susceptibility to proteasomal stress as well as passage-dependent deficiencies in nuclear-envelope organization, clonal expansion and neuronal differentiation. Disease phenotypes were rescued by targeted correction of the LRRK2(G2019S) mutation with its wild-type counterpart in Parkinsonâ€™s disease iPSCs and were recapitulated after targeted knock-in of the LRRK2(G2019S) mutation in human embryonic stem cells. Analysis of human brain tissue showed nuclear-envelope impairment in clinically diagnosed Parkinsonâ€™s disease patients. Together, our results identify the nucleus as a previously unknown cellular organelle in Parkinsonâ€™s disease pathology and may help to open new avenues for Parkinsonâ€™s disease diagnoses as well as for the potential development of therapeutics targeting this fundamental cell structure.
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                    Figure 1: 
                        LRRK2
                        (G2019S) mutation results in progressive deterioration of nuclear architecture in ipsNSCs. 
                      


Figure 2: 
                        LRRK2
                        (G2019S) mutant ipsNSCs show deficiency in clonal expansion, spontaneous neuronal differentiation at the late passages and exhibit enhanced susceptibility to proteasomal stress-induced apoptosis.
                      


Figure 3: 
                        Phenotypic analyses of isogenic iPSC and ESC lines in the presence or absence of the 
                        LRRK2
                        (G2019S) mutation. 
                      


Figure 4: 
                        Rescue of 
                        LRRK2
                        (G2019S)-associated phenotypic defects in NSCs by inhibition of LRRK2 kinase activity and morphological analysis of nuclear envelope in Parkinsonâ€™s disease brain slices. 
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        Editorial Summary
Cell nucleus abnormalities in Parkinson's disease
The G2019S mutation in leucine-rich repeat kinase 2 (LRRK2) is associated with familial and sporadic Parkinson's disease, but the pathological mechanism involved is unclear. Here, Juan Carlos Izpisua Belmonte and colleagues report that neurons bearing the LRRK2(G2019S) mutation have profound abnormalities at the nuclear envelope. The authors validate this finding in neurons differentiated from patient-derived induced pluripotent stem cells, as well as in neurons from postmortem brains. These findings associate the nucleus with Parkinson's disease pathology, and have implications for diagnosis and the potential development of targeted therapeutics.
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