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In recent years much effort has been 
put to refine methods for derivation of 
human induced pluripotent stem cells 
(HiPSCs).1-3 However, the issue of their 
genomic stability has been virtually 
sidelined. Recently, we have performed 
comprehensive analysis of genomic insta-
bility in 66 HiPSC lines, most of which 
have been previously published by other 
groups.4 In order to assess aneuploidy we 
analyzed the gene expression profiles of 
these cell lines. Using a sufficient number 
of internal controls, we showed that aneu-
ploidy could be inferred in regions that 
had undergone significant upregulation of 
genes within contiguous genomic regions. 
This analysis was performed in parallel to 
analysis of 38 human embryonic stem cell 
(HESC) lines. In this way we further vali-
dated the method and could also examine 
possible differences in selection for aneu-
ploidy between these two highly similar 
pluripotent stem cell types. Our results 
showed that HiPSCs, like HESCs, may 
acquire genetic aberrations during culture 
and that some abnormalities provide such 
a strong selective advantage that they take 
over the culture rapidly, within several 
passages. However, a number of dissimi-
larities were also identified, pointing to 
the unique biology of HiPSCs due to their 
distinctive derivation process.

All together, chromosomal aberrations 
were detected in ~31% of all HESC lines 
(12 of 38) and in ~20% of all HiPSC 
lines (13 of 66). Although aneuploidy 
would thus seem to be less frequent in 
HiPSCs than in HESCs, taking into 
account the passage number at which 
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the gene expression analyses were per-
formed reverses this interpretation. Thus, 
although it is relatively rare to observe low 
passage HESC cultures that had acquired 
chromosomal aberrations, several such 
instances have been identified in low pas-
sage HiPSCs. It would thus seem that 
selective pressure during the reprogram-
ming process could be a major contribu-
tor specifically to HiPSC aneuploidy. An 
additional source of aberrations unique 
to HiPSCs originates from possible aneu-
ploidy present in the somatic cells from 
which they were derived. Lastly, ‘tradi-
tional’ aberrations arising due to culture 
adaptation were found to occur at sur-
prisingly high frequency, as three of the 
four independent HiPSC lines that were 
analyzed at multiple passages acquired 
genetic aberrations. Interestingly, in all of 
these cases duplication of chromosome 12 
was observed. This is especially significant 
because trisomy of chromosome 12 was 
previously demonstrated to be one of the 
most common aberrations occurring dur-
ing HESC culture adaptation, as well as in 
germ cell tumors.5,6 We further identified 
a minimal region that was duplicated in all 
samples. Among the genes residing within 
this region, the hallmark pluripotency 
genes NANOG and GDF3 were found to 
be significantly overexpressed. This would 
suggest that overexpression of these genes 
may confer a major growth advantage to 
HiPSCs, possibly explaining the rapid 
rate in which cells with chromosome 12 
trisomy took over a karyotypically normal 
culture. Moreover, functional analysis of 
regions found to be recurrently aberrant 

in HiPSCs revealed significant enrich-
ment of cell cycle genes, which may be 
another source of selective advantage for 
these cells, in line with studies reporting 
that cell divisions are a limiting factor of 
reprogramming.7

The relatively high incidence in which 
aneuploidy was identified in HiPSC cul-
tures raises an important caveat in the 
potential use of these cells. Aberrant lines 
may confound biological interpretation of 
studies preformed with them, particularly 
in the study of the reprogramming process 
itself, but also by affecting other aspects of 
their biology such as differentiation poten-
tial and tumorigenesis.8 Thus, the unique 
origins of chromosomal aberrations in 
HiPSCs relative to HESCs raise new con-
siderations in working with these cells. 
The first source of aberrations is those 
originating from the parental somatic 
cells. Two main factors may contribute 
to the establishment of such abnormali-
ties. First, the tissue of origin itself may 
prove to be a significant factor as both the 
age of the tissue, and the tissue type, may 
dictate the frequency of abnormal cells in 
the parental somatic cell pool. Thus, such 
aberrations will probably be less frequent 
in HiPSC lines from newborn foreskin 
fibroblasts than from adult skin cells. 
Furthermore, the efficiency of the repro-
gramming process may play a vital role 
in reducing the incidence of somatic cell 
derived abnormalities. Because abnormal 
cells should be rare in a normal donor, 
highly efficient reprogramming will gener-
ate many clones, only a few of which would 
presumably be abnormal. Conversely, 
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passaging techniques that subject the cells 
to less selective pressure, such as manual 
passaging versus single cell dissociation 
and growing smaller size cultures, may 
reduce the rate of adaptation.10 Similarly, 
use of apoptosis inhibitors, such as the 
ROCK inhibitor that greatly improves 
cloning efficiency,11 may act in a similar 
fashion. For schematic representation of 
the various causes and possible safeguards 
regarding HiPSC genomic instability see 
Table 1.

Finally, despite the abovementioned 
methods that could serve to reduce chro-
mosomal instability in HiPSC lines, there 
is no alternative to directly test individual 
cultures for chromosomal aberrations. As 
aneuploidy may arise within a few passages 
in culture, clones should be analyzed as 
close as possible to their actual use in exper-
iments, and re-evaluated upon continued 
culture. This is important as aneuploidy 
may affect the differentiation capacity and 
increase tumorigenicity of HiPSCs.

inefficient reprogramming may lead to 
selection of those few aberrant clones. The 
second source of chromosomal abnormali-
ties in HiPSCs lies in the essence of the 
reprogramming process itself, i.e., in the 
intense selective pressure involved and the 
drastic gene expression changes and epi-
genetic modifications required of the cells. 
It remains to be seen, however, how cer-
tain factors in the method of reprogram-
ming, such as the method of ectopic gene 
expression, the identity of the genes used 
in reprogramming, and the possible use 
of small molecules will affect chromo-
somal instability at this stage. Lastly, the 
third source of chromosomal aberrations 
is adaptation to culture, in a similar man-
ner to HESCs, providing the cells with 
selective advantage to in vitro growth or 
survival during routine culture. The main 
factors that have been previously proposed 
to affect the emergence of such aberra-
tions are time in culture (i.e., number of 
passages), and culture techniques.9 Thus, 


