University of Groningen

Aneuploidy in the human brain and cancer
van den Bos, Hilda

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017
Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van den Bos, H. (2017). Aneuploidy in the human brain and cancer: Studying heterogeneity using singlecell sequencing. [Groningen]: University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 20-09-2020

Aneuploidy in the human brain and cancer
Studying heterogeneity using single-cell sequencing

Hilda van den Bos

The work described in this thesis was conducted at the European Research Institute for the
Biology of Ageing (ERIBA) in the Laboratory of Genetic Instability and Ageing, University
Medical Center Groningen, University of Groningen, Groningen, the Netherlands

ISBN (printed version): 978-94-034-0136-2
ISBN (online version): 978-94-034-0135-5

Printing: Gildeprint, Enschede
Cover picture: Purchased and adapted from Adobe stock

© Copyright 2017, H van den Bos
All rights reserved. No part of this thesis may be reproduced or transmitted in any form
without prior permission of the author.

2

Aneuploidy in the human brain and
cancer
Studying heterogeneity using single-cell sequencing

PhD thesis

to obtain the degree of PhD at the
University of Groningen
on the authority of the
Rector Magnificus Prof. E. Sterken
and in accordance with
the decision by the College of Deans.
This thesis will be defended in public on
Monday 23 October 2017 at 12.45 hours

by

Hilda van den Bos
born on 22 March 1989
in Bedum
3

Supervisor
Prof. dr. P.M. Lansdorp

Co-supervisors
Dr. F. Foijer
Dr. D.C.J. Spierings

Assessment Committee
Prof. R.H. Medema
Prof. E.A.A. Nollen
Prof. G. Kops

4

Paranimfen
Rianne Bartelds
Jolien van Nimwegen

5

6

Table of content
General introduction and thesis outline

8

Chapter 1.

How to count chromosomes in a cell:
An overview of current and novel technologies
Bioessays, 2015

11

Chapter 2.

Does Aneuploidy in the Brain Play a Role
in Neurodegenerative Disease?
Chapter in Chromosomal Abnormalities - A Hallmark
Manifestation of Genomic Instability, 2017

29

Chapter 3.

Single-cell whole genome sequencing reveals no
evidence for common aneuploidy in normal and
Alzheimer’s disease neurons
Genome Biology, 2016

45

Chapter 4.

Single-cell sequencing to quantify genomic integrity
in cancer
The International Journal of Biochemistry & Cell
Biology, 2017

69

Chapter 5.

Copy number alterations assessed at the single-cell
level revealed mono- and polyclonal seeding patterns
of distant metastasis in a small cell lung cancer patient
Adapted from: Annals of Oncology, 2017

81

Chapter 6.

General discussion and future perspectives

101

Addendum

Chromosome gains and losses in the human brain are
probably less important than previously thought

115

Appendices

Dutch summary/Nederlandse samenvatting
List of abbreviations
List of publications
Acknowledgements/Dankwoord

121
125
127
129

7

General introduction and thesis outline

When a cell does not have the normal chromosome content with for each chromosome a copy
from each parent it is called aneuploid. Aneuploid cells are formed when the chromosomes
are not equally divided over the daughter cells during cell division. Aneuploidy can be studied
using various methods. In Chapter 1, an overview is presented of the different technologies
that are widely used to detect aneuploidy. The advantages and disadvantages of the most
common methods to detect aneuploidy in normal and abnormal cells are discussed.
Large numbers of aneuploid cells have been identified in developing and adult mouse brain
using fluorescence in situ hybridization (FISH). Shortly thereafter, the presence of aneuploid
cells was confirmed in human brain and reported to be even higher in neurodegenerative
diseases. In contrast, various single cell sequencing studies did not show any, or much lower
levels of, aneuploidy. Chapter 2 discusses a possible role of aneuploidy in normal brain
development and neurodegeneration, and reviews the studies investigating the presence or
absence of aneuploid cells in the normal human brain and brains affected by Alzheimer’s
disease. Contrasting results on the presence of aneuploid cells in normal and diseased brain
are discussed and put in perspective.
Since the conflicting results discussed in chapter 2 are mainly generated using methods that
can analyze only a few chromosomes per cell simultaneously, we set out to provide more
insight into the presence or absence of aneuploid cells in the human brain using single cell
sequencing (Chapter 3). We sequenced brain cells from individuals with no brain disease and
brain cells from patients with different stages of Alzheimer’s disease. We found low levels of
aneuploidy, both in normal and diseased brain, with no increase in Alzheimer’s disease. Our
results show that it is unlikely that aneuploidy has an important role in the (dys)function of
normal human brain or in the development or progression of Alzheimer’s disease.
Although we did not find evidence for aneuploidy to be common in the brain, aneuploidy is a
known hallmark of cancer. The great majority of cancers is aneuploid. The amount of genetic
heterogeneity, aneuploidy and copy number aberrations in a tumor cell population is a
reflection of the biology of the tumor and this information is important for the prognosis and
treatment of the patient. The heterogeneity of a tumor can be studied using single cell
sequencing. This can reveal the mutational or aneuploidy and copy number aberration
patterns of individual cells. In Chapter 4 we review studies using single cell sequencing on
primary tumors, metastases and circulating tumor cells. We discuss how single cell sequencing
can and will contribute to the diagnosis, prognosis and monitoring of cancer.
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Lung cancer tis responsible for the largest number of cancer deaths in the world.
Approximately 12% of all lung cancers are small cell lung cancer. These tumors grow fast and
patients have a very poor prognosis. At the time of diagnosis, metastases have often already
formed. In Chapter 5 we sequenced large numbers of individual cells from a patient with small
cell lung cancer. Analysis of tumor cells isolated from two sites of the primary tumor as well
as metastases in the liver, adrenal gland and lymph node revealed both monoclonal and
polyclonal metastatic seeding patterns. Moreover, we show that the patterns of copy number
aberrations and the level of heterogeneity varies between the different sites.
Finally, the results of the studies described in this thesis are summarized and future
perspectives are discussed in Chapter 6.
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