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Aneuploidy (i.e., abnormal chromosome number) is the leading cause of miscarriage and congenital de-
fects in humans. Moreover, aneuploidy is ubiquitous in cancer. The deleterious phenotypes associated with
aneuploidy are likely a result of the imbalance in the levels of gene products derived from the additional
chromosome(s). Here, we summarize the current knowledge on how the presence of extra chromosomes
impacts gene expression. We describe studies that have found a strict correlation between gene dosage
and transcript levels as wells as studies that have found a less stringent correlation, hinting at the possi-
ble existence of dosage compensation mechanisms. We conclude by peering into the epigenetic changes
found in aneuploid cells and outlining current knowledge gaps and potential areas of future investiga-
tion.
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Aneuploidy: why do we care?
Aneuploidy is the condition of a cell or organism possessing an abnormal chromosome number (see Table 1 for
a glossary of terms used in this section and throughout the article). In humans, aneuploidy is recognized as the
leading cause of miscarriage and, in the rare cases in which it is compatible with live birth (e.g., trisomy 21 or mosaic
aneuploidies), it results in severe congenital defects [1]. Aneuploidy is also a hallmark of cancer, and cancer cells
frequently display complex karyotypes with chromosome numbers well above the normal, diploid number [2,3]. It
is worth noting that monosomies (with the exception of the X chromosome) are never observed in humans and
also very rarely observed in miscarriages [4], presumably because this condition is not compatible with cell survival
or implantation of the fertilized egg. Similarly, hyperdiploidy (higher than normal chromosome number) is more
frequently observed in cancer cells than hypodiploidy (lower than normal chromosome number) [2,3]. Thus, in
most cases in which aneuploidy occurs, cells will possess a number of chromosomes that is above the norm. This
invokes the question as to whether dosage compensation mechanisms (i.e., mechanisms by which the expression of
certain genes is modulated to compensate for differences in gene dosage) come into play when extra chromosomes
are present due to aneuploidy.

Experimental models of aneuploidy: correlation between gene/chromosome copy number &
gene expression levels
The path that leads from gene to final product can be subject to regulation at many levels, but in this review we will
mainly focus on transcriptional regulation of gene expression. Numerous studies over the past decade have used
experimental models to investigate the effects of aneuploidy on gene expression. One such model is the budding
yeast, where haploid strains carrying single or double disomies can be generated by various methods [5,6]. In general,
these budding yeast models have shown that the RNA corresponding to the genes on the aneuploid chromosome
of disomic budding yeast strains is proportionally increased compared with haploid strains (Figure 1A) [5,6]. These
findings are consistent with a previous study showing that gene expression profiling successfully identified aneuploid
budding yeast strains [7], indicating that there is good correlation between gene/chromosome copy number and
gene expression levels. Gene expression analysis of trisomic mouse embryonic fibroblasts [8] is consistent with the
findings in aneuploid budding yeast. Indeed, the expression of genes on the trisomic chromosome was found
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Table 1. Glossary of important terms used in this article.
Term Definition/description

Diploid Possessing two sets of chromosomes

Haploid Possessing one set of chromosomes

Euploid Possessing a correct number of chromosomes

Aneuploid Possessing an incorrect number of chromosomes

Hyperdiploid Possessing a number of chromosomes higher than normal

Hypodiploid Possessing a number of chromosomes lower than normal

Trisomy Three copies of a given chromosome in a diploid background

Monosomy One copy of a given chromosome in a diploid background

Disomy Two copies of a chromosome in a haploid background

Karyotype Characteristic chromosome complement of a eukaryotic organism
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Figure 1. Possible patterns of aneuploidy-dependent changes in gene expression. The diagrams show a number of different scenarios
that have been reported for how aneuploidy impacts gene expression. The examples illustrated here depict such scenarios in hypothetical
diploid cells with a haploid chromosome number of 9 and carrying an extra copy of chromosome 5 (highlighted in blue). (A) Many studies
have found that acquisition of an extra chromosome results in a proportional increase in the expression of genes carried on that
chromosome. This scaling of gene expression may affect all the genes (as in the example shown here) or only a subset of genes on the
aneuploid chromosome. (B) Other studies have reported that, in addition to an increase in the expression of genes carried by the extra
chromosome, aneuploidy can also perturb the expression levels of genes on other chromosomes. Both overexpression (red) and
underexpression (green) of genes on other chromosomes have been reported. (C) A number of studies have also reported some kind of
dosage compensation, by which the genes on the aneuploid chromosome are not expressed at the expected levels based on gene dosage.
It should be noted that dosage compensation in response to aneuploidy has been reported to occur for variable numbers of genes (from
a few genes to the majority of genes on the aneuploid chromosome), depending on context. Moreover, the degree of compensation may
vary. Finally, dosage compensation may occur simultaneously with effects on other chromosomes. The bottom half of the figure reports
lists of organisms in which each of the different scenarios have been observed (often in combination with other effects) and
corresponding key references. The references listed for ‘Down syndrome’ include studies in both human and mouse models.

to be about 50% higher than the expression of genes from the same chromosome in diploid cells [8]. Finally, a
study performed in human cells carrying defined aneuploidies found that transcript levels generally scale up with
chromosome number [9], which is consistent with the observation that there is a global upregulation of genes
on chromosome 21 in Down syndrome fetuses [10]. In addition, many studies have reported a direct correlation
between copy number variations and changes in gene expression in cancer cells [11–17].

However, many other studies, using a variety of experimental models, have reported that certain genes on the
aneuploid chromosomes display expression levels similar to those observed in the euploid condition ([18–23], see
next section for a detailed discussion) and that aneuploidy can also influence the expression of genes on other
chromosomes [24–28], as already suggested by studies in aneuploid plants nearly 100 years ago [29]. The effect of

1828 Epigenomics (2019) 11(16) future science group



Aneuploidy & gene expression: is there dosage compensation? Review

aneuploidy on the expression of genes on other chromosomes (Figure 1B) may reflect the aneuploidy-induced altered
expression of genes whose products can control gene expression broadly [30]. For instance, the aneuploidy-linked
genes could be transcriptional regulators or genes responsible for controlling chromatin state (e.g., DNA methylases
or histone acetylases/deacetylases). Evidence in support of this has emerged from studies in Drosophila melanogaster
that reported a phenomenon, named the ‘inverse effect’, in which aneuploidy for a certain chromosome results in
reduced expression of genes on other chromosomes [21,31,32], although in some of these studies expression of only
a limited number of genes from the nonaneuploid chromosomes was analyzed and the analysis was not performed
at the transcript level. Further insight on the effects of aneuploidy on chromosomes other than the aneuploid one
comes from studies in mouse models of Down syndrome, in which the mice carry one of two possible segmental
aneuploidies that are syntenic with human chromosome 21. These models have revealed that trisomy 21 (cause
of Down syndrome) results, as expected, in overexpression (compared with the level in the euploid state) of the
genes on the aneuploid chromosome [19,20]. However, the overexpressed genes include transcription factors and
methylation pathway genes, which in turn can result in altered expression of or epigenetic changes in downstream
target genes on various chromosomes [19,33–39]. Other studies have highlighted the upregulation of certain pathways,
regardless of the aneuploidy. Specifically, upregulation of genes that are part of stress response pathways, including
proteotoxic stress, were reported for a number of experimental models of aneuploidy [8,40,41]. However, this may
be linked to a physiological response to unbalanced gene dosage.

Additional insight into the link between aneuploidy and gene expression can be gathered from experimental setups
in which aneuploidy emerges as a result of experimentally imposed selective pressure. In these contexts, aneuploidy
emerges because of the need to increase the levels of certain gene products that will confer resistance/promote
survival under the selective conditions in question. For instance, aneuploidy was found to be a frequent adaptation
of Candida albicans to the antifungal drug fluconazole [42,43]. The aneuploidy appeared to confer resistance by
promoting the overexpression of the fluconazole target and of a transcriptional regulator of efflux pump genes [44].
Other studies have also reported the emergence of aneuploidy in yeast strains in response to a number of genetic or
environmental perturbations [26,45–48]. Some examples of similar phenomena have been reported in human cells.
For instance, human colonic epithelial cells cultured in low serum conditions acquired an extra copy of chromosome
7 and this adaptation was attributed to the overexpression of the EGF receptor, whose gene maps on chromosome
7 [49]. Trisomy 7 was also reported to emerge in human neural progenitor cells upon EGF withdrawal [50]. If
aneuploidy-dependent adaptation is driven by the overexpression of a single or a few genes, then one would expect
the expression of the remaining genes on that chromosome to be downregulated in order to mitigate the imbalance
that would result from overexpressing the hundreds of genes carried by the aneuploid chromosome. Although this
question has not been directly investigated, some information is available. For instance, transcriptomic analysis
indicated that in Candida albicans with extra copies of chromosome 5L, most genes on the extra chromosome
5L segment were expressed at the levels expected based on copy number [42]. Similarly, yeast strains that acquired
aneuploidy as an adaptation to various genetic perturbations displayed a proportional increase in expression for
genes along the entire aneuploid chromosome, although a few genes were found to deviate from the average
overexpression levels [26,46]. Thus, it appears that, when aneuploidy emerges as a result of experimentally imposed
selection, the expression of both beneficial/driver genes and passenger genes is upregulated and no evidence of
downregulation of passenger genes has been reported so far.

In summary, using experimental models of aneuploidy, a number of studies have shown that generally gene
expression scales with gene/chromosome copy number (Figure 1A). Similar observations were reported for yeast
strains that acquired aneuploidy as a result of experimentally imposed stresses or genetic manipulations. However,
many other studies have revealed that the correlation between gene/chromosome copy number and gene expression
is not always so direct and various degrees of variations in gene expression have been reported. This will be discussed
in the next section.

Aneuploidy & dosage compensation: when gene expression does not scale with chromosome
copy number
We will start this section by describing dosage compensation, a mechanism by which the expression of certain
genes is modulated to compensate for differences in gene dosage. The classical example of dosage compensation
is that observed in organisms with XY sex determination systems. In such organisms, females carry twice as many
X chromosomes, and hence twice as many X-linked genes, as males. Dosage compensation mechanisms establish
a balance between males and females in the expression of X-linked genes [51–53]. This is thought to be necessary
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because the X chromosome in such organisms is typically a rather large chromosome, with a relatively large number
of genes, not all of which are responsible for sex determination [51,52]. Conversely, the Y chromosome is typically
small, largely heterochromatic, and carries genes that are mainly involved in determination of primary and secondary
sex characters [51,52]. Three major mechanisms of sex chromosome dosage compensation have been studied in detail
and these include: inactivation of one of the X chromosomes in female embryos, which is the mechanism found
in mammals [54]; doubling of transcription of genes on the single male X chromosome, which is the mechanism
acting in D. melanogaster [55]; halving the expression of genes on the two X chromosomes in hermaphrodites, which
is the mechanism observed in Caenorhabditis elegans [53,56], where individuals exist as either hermaphrodites (XX)
or males (X0). The remainder of this section will discuss whether similar dosage compensation mechanisms can
come into play to reduce the expression of genes on extra chromosomes found in aneuploid cells/organisms.

Like sex chromosome systems, aneuploidy creates a situation in which the genes carried by certain chromosomes
are present in higher than normal doses. In the studies described in the previous section, copy number and gene
expression levels were reported to be generally well correlated; nevertheless, some genes appeared to be compensated
(i.e., the amount of transcripts was lower than what would be expected based on copy number) [18–20,23]. In fact, in
certain experimental models, this dosage compensation phenomenon appears to be broad and affect a large fraction
of the aneuploid gene content (Figure 1C). For instance, despite some controversy still exists [57], recent studies
have highlighted that partial dosage compensation may occur in wild aneuploid yeast strains. In one study, 11–36%
of genes on the extra chromosome were found to exhibit lower than expected levels of expression [58,59], whereas
another study reported that only approximately 25% of genes with increased copy number showed a corresponding
increase in mRNA levels [60]. Moreover, analysis of certain widely used D. melanogaster cell lines (e.g., S2 and Kc167)
that display high levels of aneuploidy revealed that some degree of dosage compensation can be observed at both
the transcriptional and the translational levels [61,62]. Dosage compensation was also observed in Drosophila strains
carrying specific partial or whole-chromosome aneuploidies [21,22,63]. For instance, the levels of X-linked transcripts
in triple X Drosophila metafemales were found to be similar to the levels in normal XX females [21]. Similarly, strains
carrying partial or whole-chromosomes aneuploidies for autosomes displayed buffering of gene expression so that
the transcript levels deviated from those expected based on gene dosage and were closer to transcript levels in wild-
type animals [63]. For aneuploidies affecting the 4th chromosome, gene expression buffering was shown to depend
on a chromatin-binding protein known as Painting of Fourth or POF [63,64], whereas in other cases this dosage
compensation is believed to result from overexpression of negative regulators on the aneuploid chromosome [65,66].
Similar dosage compensation/buffering effects have been observed in human and mouse models of aneuploidy, as
summarized below.

In mammals, trisomy 21 in human and mouse models of Down syndrome have been particularly valuable in
understanding dosage compensation in aneuploid cells. For example, 73% of the genes on chromosome 21 produced
transcripts at lower than the expected 1.5-fold level in lymphoblastoid cells from Down syndrome patients, while
22% escaped dosage compensation and their corresponding mRNAs appeared at the expected 1.5-fold increase [67].
Similarly, 46% of the genes displayed transcript levels at lower than the expected 1.5-fold increase, while 25% were
increased to the expected 1.5-fold level in mouse Down syndrome cell models, in which mouse embryonic stem
cells with an additional human chromosome 21 were differentiated into neuronal cells [68]. In the partial trisomy
mouse model Ts65Dn, which carries the orthologs of approximately 50% of the genes on human chromosome
21, 55% of the genes were found to be expressed at levels significantly lower than 1.5-fold, whereas 37% of the
genes were expressed at the expected level of 1.5-fold, although the percentages and gene identities in each category
varied between different tissues [19,20].

Studies from other trisomy models both in human and mouse generally support the notion that gene expression
does not correlate strictly with gene copy number in aneuploid cells. In trisomy 13 human fetal cells, the average
levels of transcripts from the trisomic chromosome were only increased by approximately 10% compared with
levels in euploid cells [25]. In trisomy 8 acute myeloid leukemia cells, the transcript levels for genes on chromosome
8 were found to be only increased by approximately 32% [12]. Furthermore, in a mouse model with segmental
trisomy 17, the transcript levels for genes in the trisomic region were increased in the brain by only approximately
20% on average, although some genes showed the expected 50% increase [23]. Interestingly, a more recent study
using the same mouse segmental trisomy 17 model found that transcript levels for the aneuploid genes were
approximately 60% higher than normal in the liver, reflecting the change in gene dosage [69]. However, in early
pachytene spermatocytes, the increase in transcript levels was only approximately 18%, suggesting the possible
presence of dosage compensation mechanisms in germ cells [69]. Overall, these data indicate that whether dosage
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compensation occurs or not in response to aneuploidy may depend on many factors, including the identity of the
genes/chromosome, the species in which aneuploidy occurs, or even the specific tissue or cellular microenvironment.

Little is known about whether dosage compensation can occur at the translational level, partly due to the
technical limitations of current proteomic tools in accurately detecting 1.5-fold changes. Nevertheless, recent
studies demonstrated that the abundance of certain proteins in human aneuploid cells can be reduced toward
diploid levels even when the levels of transcripts are largely proportional to the chromosome copy number [9,70]. It
is believed that the compensation at the protein level may derive from increased protein degradation, rather than
reduced protein synthesis [70].

Overall, there have been many reports suggesting that dosage compensation can occur in aneuploid cells
(Figure 1C). However, many open questions still remain regarding the mechanisms that may ameliorate imbalanced
gene expression and restore cellular homeostasis in aneuploid cells: is there a cellular sensor that detects extra
chromosomal material? If so, what is it? How does the transcriptional/translational machinery handle the extra
chromosomal material? Do changes in chromosome number activate chromosome-specific chromatin remodeling
(that could, in turn, control gene expression)? To start addressing this last question, we will next focus on the
epigenetic changes associated with aneuploidy.

The consequences of aneuploidy on the epigenetic signature
Epigenetic regulation occurs mainly through DNA methylation and histone modifications of various types
(i.e., methylation, acetylation, phosphorylation, ubiquitination, sumoylation, ADP ribosylation and deamina-
tion among others) [71,72]. Changes in chromatin structure by epigenetic processes alter the accessibility of the
transcription machinery, and ultimately result in changes in gene expression patterns [71]. Methylated cytosine,
or 5-methylcytocine, is often found in clusters of CpG dinucleotides, known as CpG islands. CpG islands are
frequently located within, or in close proximity of gene promoters [73], and gene expression becomes silenced when
CpG islands are methylated. In contrast to this single type of DNA epigenetic mark, histone modifications occur
in a variety of types and locations within histone molecules. The best-studied modifications are those that are on
the histone N-terminal ‘tail’ regions, which are accessible on the nucleosome surface [71]. Each type of histone
modification plays a distinct role in the regulation of gene expression, and can be found in defined genomic regions.
For example, H3K4me3 and H3K36me3 are both found on transcriptionally active genes. H3K4me3 marks are
enriched in the promoter region, whereas H3K36me3 marks are enriched in the gene body [71,74]. Conversely,
H3K9me and H3K27me marks are both found on transcriptionally inactive genes, but H3K9me is enriched in the
promoter region while H3K27me is enriched around the transcriptional start site [71,74]. The sum of all epigenetic
modifications determines the local chromatin structure and hence the downstream gene expression patterns. The
epigenetic marks can be stably maintained or dynamically regulated in a context-specific manner and three types
of enzymes control the epigenetic signature in space and time. These enzymes are generally referred to as writers,
which establish the marks, erasers, which remove the marks, and readers, which interpret the marks.

Currently, very little is known about if/how aneuploidy alters epigenetic marks, and hence downstream gene
expression. To investigate this problem, a number of studies have taken advantage of constitutional aneuploidies
and/or mouse models, but the analysis has exclusively focused on DNA methylation status and not on histone
modifications. Several recent studies in this area of investigation revealed that trisomy 21 results in DNA hyper-
methylation in the promoter regions of genes across all autosomes [34–37,75,76]. None of these studies reported
chromosome-specific changes in DNA methylation, with one exception, where promoter hypermethylation was
reported to be enriched on chromosome 21 [36]. Locations of DNA hypermethylation appear to be cell-type or
developmental-stage specific, although there appears to be no consensus among different studies. One possible
mechanism by which trisomy 21 may promote genome-wide DNA hypermethylation is by acting in trans on other
chromosomes [37]. This idea is consistent with the fact that a number of genes on chromosome 21 are involved
in DNA methylation pathways [19,39]. Moreover, the DNA demethylases TET2 and TET3 were reported to be
downregulated in Down syndrome placenta and fetal skin fibroblasts [35,75], indicating that DNA hypermethyla-
tion may appear during early development and be maintained into adulthood. Another study exploited a case of
constitutional trisomy 8 mosaicism and compared trisomic and euploid fibroblasts from the same individual [77].
The study reported that cells with trisomy 8 displayed DNA hypomethylation in gene-poor regions of chromosome
8, but no changes in DNA methylation of gene promoter regions on chromosome 8 [77]. Moreover, trisomy 8
did not appear to affect the levels of DNA methylation on other chromosomes [77]. An older study examined
DNA methylation status in SW48 colon cancer cells, which are trisomic for chromosome 7, 14, and a subregion
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of 10q [78]. The study found that SW48 cells exhibited DNA hypomethylation almost exclusively in gene-poor
regions of the genome compared with euploid fibroblasts [78], although fibroblasts may not be the best control,
given that DNA methylation profiles may vary in different cell types.

The studies described above also underscored a potential role of a new type of DNA methylation, 5-
hydroxymethylcytosine (5 hmC), and found that the overall levels of 5 hmC were decreased in both trisomy
21 and trisomy 8 cells [37,77]. Although it is still a matter of debate whether 5 hmC plays specific functions or is a
passive intermediate, 5 hmC is more commonly found in gene bodies of active genes, in contrast to 5-methylcytocine
that is typically detected in CpG islands [79]. This led to the hypothesis that 5 hmC may regulate gene expression
by modulating chromatin accessibility for the transcriptional machinery [79–81]. Therefore, the effect of aneuploidy
on gene expression may also depend on how the specific aneuploidy impacts the levels of 5 hmC.

Finally, certain epigenetic changes have been extensively studied in cancer cells, many of which are aneuploid.
A detailed review of this topic goes beyond the scope of this article, but we provide here a brief summary of a few
key findings. Epigenetic hallmarks of cancer cells include DNA hypomethylation in genomic regions that contain
repetitive sequences and are relatively gene poor (reviewed in [82–84]) and de novo DNA hypermethylation in selected
CpG islands (reviewed in [82–84]). Histone modification patterns in cancer cells are less studied, and no cancer-
specific changes in histone modifications have been reported. Nonetheless, alterations in histone modifications
can be observed both at the global level across the genome and at specific gene loci in a cell type- or cancer
type-specific manner (reviewed in [85,86]). Unfortunately, the karyotypes of cancer cells are very complex, and
this makes it challenging to decipher whether the observed changes in epigenetic marks are due to the abnormal
chromosome number, or other cellular abnormalities that arise during the acquisition of the transformed phenotype.
Nevertheless, the hypomethylation of gene-poor genomic regions is observed both in cancer cells and in cells with
simpler aneuploidies, such as fibroblasts with trisomy 8 [77] and SW48 cells [78], raising the possibility that this type
of epigenetic signature may be driven by aneuploidy.

Overall, an extra chromosome appears to lead to a common epigenetic signature, characterized by global DNA
hypomethylation of gene-poor regions, DNA hypermethylation of promoter regions and a general depletion of
5 hmC, with some exceptions [34–37,75–78].

Conclusion
Studies on the effects of aneuploidy on gene expression have not always produced consistent results. Some of
these discrepancies may be due to differences in experimental models, data collection and/or data analysis [65].
However, many studies performed over the years in different experimental models of aneuploidy have led to the
conclusion that gene expression generally scales with gene/chromosome copy number (Figure 1A & B). At the
same time, many studies have also reported substantial dosage compensation that will result in gene expression
levels that are below those expected based on gene/chromosome copy number (Figure 1C). Whether or not dosage
compensation is observed may depend on the identity of the aneuploid chromosome or on the context (i.e., tissue
or developmental stage) [19,20,67–69]. Alternatively, in some situations dosage compensation may require time to be
established. This idea could explain the observation that populations of yeast cells carrying the same aneuploidy
display great phenotypic heterogeneity, but in strains harboring ‘chronic’ aneuploidies this heterogeneity is lower [87].
It is possible that, in some contexts, newly formed aneuploid cells may require time to adjust to the presence of extra
chromosomal material and activate mechanisms that reduce the negative effects of aneuploidy. The time required
for this ‘adjustment’ may vary depending on the organism, the conditions in which the organism grows and/or the
tissue (for multicellular organisms) in which the aneuploidy occurs.

Future perspective
Although many studies have reported dosage compensation in the context of aneuploidy, the underlying mechanisms
remain unknown. One possible mechanism by which dosage compensation may occur in the context of aneuploidy
is via epigenetic regulation of gene expression. Interestingly, a DNA methylation signature has been recurrently
observed in aneuploid cells. However, DNA methylation status is only a small part of the overall epigenetic signature.
Indeed, histone post-translational modifications are known to heavily impact gene expression, but so far not much
is known about histone modifications in aneuploid cells. Systematic and detailed histone modification maps in
aneuploid cells will be needed to better understand the epigenetic consequences of aneuploidy. Furthermore, it is
currently unclear whether the epigenetic changes observed in aneuploid cells are a direct consequence of gaining
chromosomes.
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Another area of future interest will be the effect of aneuploidy on nuclear architecture and higher order chromatin
arrangements [88,89]. So far, very little is known in this area, although a recent study found that the nuclei of aneuploid
cells tend to be larger and the positioning of the aneuploid chromosome within the nucleus tends to be slightly
more variable as compared with diploid cells [90].

Understanding the impact of various epigenetic marks on both dosage compensation and nuclear organization
in aneuploid cells will be the next big challenge. Indeed, epigenetic modifications regulate not only downstream
gene expression, but also chromatin compression and compartmentalization, as well as nucleosome dynamics,
nuclear architecture and 3D chromatin state [71,91–93]. Therefore, defining the relationship between aneuploidy and
epigenetic regulation may be the key to understanding many unexplored or underexplored questions about the
impact of aneuploidy on cell physiology.

Executive summary

Aneuploidy: why do we care?
• Aneuploidy is the leading cause of miscarriage in humans and, in cases in which it is compatible with live birth, it

causes severe congenital defects.
• Aneuploidy is a hallmark of cancer.
• Cancer cells frequently possess complex karyotypes with chromosome numbers above the norm.
Experimental models of aneuploidy: correlation between chromosome copy number & gene expression levels
• Generally, gene expression levels scale up with gene/chromosome copy number in many experimental models of

aneuploidy.
• There is strong evidence that in many cases, aneuploidy can also perturb the expression of genes on other

chromosomes.
Aneuploidy & dosage compensation: when gene expression does not scale with chromosome copy number
• Dosage compensation is a mechanism by which the expression of certain genes is modulated to compensate for

differences in gene dosage.
• Some degree of dosage compensation has been reported for many experimental models of aneuploidy, including

yeast, mouse, human, and fly.
• In some cases, dosage compensation is not complete. Specifically, the expression of genes on the aneuploid

chromosome is not reduced all the way to the level seen in euploid cells, but it is reduced to levels substantially
below the expected 50% increase.

• The decreased (compared with the expected) expression levels may occur for most or only a subset of genes on
the aneuploid chromosome.

The consequences of aneuploidy on the epigenetic signature
• A number of studies found that trisomy 21 results in DNA hypermethylation in the promoter regions of genes

across all chromosomes. This may be due to the trisomy 21-dependent overexpression of genes involved in DNA
methylation.

• Some studies have reported DNA hypomethylation of gene-poor regions of the genome in aneuploidy models.
• Cancer cells, many of which are aneuploid, display DNA hypomethylation in regions of the genome that contain

repetitive sequences and are gene poor and de novo DNA hypermethylation of selected CpG islands.
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