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Results

DLD1+7 and DLD1+13 cell lines were previously generated by micro-cell mediated
chromosome transfer (Upender et al., 2004), whereas AF and AF+13 cells were collected upon
amniocentesis. The presence of the additional chromosome was confirmed by fluorescence in

situ hybridization (FISH) with locus-specific probes (Figure 1A-B). Moreover, analysis of FISH-

stained interphase nuclei of parly passage DLD1+7 and DLD1+13 cells confirmed that a high

T

percentage of cells in the population (87% DLD1+7 and 83.5% DLD1+13) carried the extra

chromosome. [BSimilarly, B3% of cells in the AF+13 cell population carried the trisomy 13| By

visually examining FISH-stained chromosome spreads we noticed that one of the three copies

of chromosome 7 in DLD1+7 cells appeared consistently shorter than the other two, Arra .

comparative genomic hybridization (aCGH; Figure 1C) in combination with centromere-specific

FISH staining (Figure 1D} revealed that trisomy 7 gonsisted of a partial aneuploidy including the

centromere and most of the q arm (Figure 1C-D). In the DLD1+13 cell line, the frisomy

appeared to involve the entire chromosome 13 (Figure 1-figure supplement 1). There was no

evidence of copy number variations (CNVs) corresponding to other chromosomal regions in the

two irisomig cell lines compared to the parental cell line (Figure 1-figure supplement 1).|

Increased chromosome mis-segregation in cells with trisomy 7 or 13. To investigate the

effect of aneuploidy on chromosome segregation we analyzed anaphase lagging chromosomes,

a common cause of aneuploidy in both normal and cancer cells (Cimini et al., 2001; Thompsaon

and Compton, 2008). By analyzing fixed cells with jimmunostained kinetochores and
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Chromosome mis-segregation and
cytokinesis failure in trisomic human cells

Joshua M Nicholson'?, Joana C Macedo**%, Aaron J Mattingly'*,
Darawalee Wangsa®, Jordi Camps®¥, Vera Lima’, Ana M Gomes?, Sofia Déria’,
Thomas Ried®, Elsa Logarinho®*°*, Daniela Cimini'?*

'Department of Biological Sciences, Virginia Tech, Blacksburg, United States; 2\/irginia
Bioinformatics Institute, Virginia Tech, Blacksburg, United States; *Aging and
Aneuploidy Laboratory, Instituto de Biologia Molecular e Celular, Universidade do
Porto, Porto, Portugal; *Instituto de Investigacdo e Inovacdo em Salde-i3S,
Universidade do Porto, Porto, Portugal; *Cell Division Unit, Department of
Experimental Biology, Faculdade de Medicina, Universidade do Porto, Porto,
Portugal; °Genetics Branch, National Cancer Institute, National Institutes of Health,
Bethesda, United States; ’Department of Genetics, Faculdade de Medicina,
Universidade do Porto, Porto, Portugal

Abstract Cancer cells display aneuploid karyotypes and typically mis-segregate chromosomes at
high rates, a phenotype referred to as chromosomal instability (CIN). To test the effects of
aneuploidy on chromosome segregation and other mitotic phenotypes we used the colorectal cancer
cell line DLD1 (2n = 46) and two variants with trisomy 7 or 13 (DLD1+7 and DLD1+13), as well as
euploid and trisomy 13 amniocytes (AF and AF+13). We found that trisomic cells displayed higher
rates of chromosome mis-segregation compared to their euploid counterparts. Furthermore, cells
with trisomy 13 displayed a distinctive cytokinesis failure phenotype. We showed that up-regulation
of SPG20 expression, brought about by trisomy 13 in DLD1+13 and AF+13 cells, is sufficient for the
cytokinesis failure phenotype. Overall, our study shows that aneuploidy can induce chromosome
mis-segregation. Moreover, we identified a trisomy 13-specific mitotic phenotype that is driven by
up-regulation of a gene encoded on the aneuploid chromosome.

DOI: 10.7554/eLife.05068.001

Introduction

Aneuploidy, an abnormal number of chromosomes, is a leading cause of mis-carriage and birth
defects in humans (Nagaoka et al., 2012). In the vast majority of cases, this is due to errors
occurring in the oocyte (Nagaoka et al., 2012). However, aneuploidy can also arise in somatic
cells, and a number of studies have reported age-dependent increases in aneuploidy in human
peripheral blood lymphocytes (Nowinski et al., 1990; Carere et al., 1999; Leopardi et al., 2002).
Moreover, aneuploidy was recognized as a common feature of cancer cells already a century ago
(Boveri, 1914, 2008), and a causal role of aneuploidy in carcinogenesis is currently largely
acknowledged (reviewed in [Pavelka et al., 2010a; Nicholson and Cimini, 2011]). In addition to
being aneuploid, cancer cells typically display high rates of chromosome mis-segregation,
a phenomenon termed chromosomal instability (CIN) (Lengauer et al., 1997; Bakhoum et al.,
2014). The observation that even mosaic aneuploidy can cause severe physical and cognitive
developmental defects (Biesecker and Spinner, 2013) indicates that aneuploidy has pleictropic
deleterious effects. This idea is further supported by a number of experimental observations: first,
knocking down spindle assembly checkpoint genes, which results in high rates chromosome mis-

Nicholson et al. eLife 2015;4:e05068. DOI: 10.7554/eLife.05068
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The arXiv is the most popular preprint repository in the world. Since its inception in 1991, the arXiv has allowed researchers to freely
share publication-ready articles prior to formal peer review. The growth and the popularity of the arXivemerged as a result of new
technologies that made document creation and dissemination easy, and cultural practices where collaboration and data sharing
were dominant. The arXiv represents a unique place in the history of research communication and the Web itself, however it has
arguably changed very little since its creation. Here we look at the strengths and weaknesses of arXiv in an effort to identify what
possible improvements can be made based on new technologies not previously available. Based on this, we argue that a modern
arXiv might in fact not look at all like the arXiv of today.

Introduction

The arXiv, pronounced "archive", is the most popular preprint repository in the world. Started in 1991 by physicist Paul Ginsparg,
the arXiv allows researchers to freely share publication-ready articles prior to formal peer review and publication. Today, the arXiv
publishes over 10,000 articles each month from high-energy physics, computer science, quantitative biology, statistics, quantitative
finance, and others (see Fig 1). The earlv success of arXiv stems from the introduction of new technological advances paired to a
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Journal of Space Mining is an open access journal and internationally renowned scientists describe their own research in the wider context of the field.

The main aim of this journal is to provide a platform for scientists and academicians all over the world to promote, share, and discuss various new issues
and developments in different areas of Space Exploration.
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You may also like Surface Mining Shaft Mining

Understanding Gravity for Interplanatery Transport Network (ITN) S e
9 6 @ ﬁ Riche, et al.

The ITN makes particular use of Lagrange points as locations where trajectories through space are redirected using little or no energy. These points have the
peculiar property of allowing objects to orbit around them, despite lacking an object to orbit.

DOI: 10.1155/2013/463595
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The topic of automation replacing human jobs has been receiving a great deal of media attention in recent months. In January, the McKinsey Global Institute {Manyika et al,,
2017} published a report stating 51% of job tasks (not jobs) could be automated with current technologies. The topic of ‘big data’ and algorithms was also briefly discussed on the

Rasch listserv last year and offered a great deal of food-for-thought regarding the future of psychometrics in particular.
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