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Genetic instability in neural stem cells:  
an inconvenient truth?

Neil J. Harrison
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The	evolutionary	struggles	from	which	mutants	arise	have	been	documented	
in	almost	every	living	system.	In	this	issue	of	the	JCI,	Varela	and	colleagues	
extend	this	list	of	systems	to	include	neural	derivatives	of	human	embryonic	
stem	cells,	which	they	show	exhibit	a	repeated	gain	of	material	from	chromo-
some	1q.	Although	this	raises	safety	issues	for	therapeutic	use	of	such	cells,	
the	frequent	observation	of	a	particular	change	may	direct	screening	strate-
gies	for	detection	and	removal	of	these	unwanted	cellular	variants.

The excitement surrounding human ES cell 
research is indicative of the potential that 
these cells hold for regenerative therapy. 
However, realizing this potential requires 
efficient derivation of the necessary cell type 
and also a guarantee that the differenti-
ated product poses no threat to the patient. 
With respect to these prerequisites, robust 
differentiation protocols have been devel-
oped for the generation of several cell types, 
in particular those of the neural lineage. For 
example, a culture of approximately 90% 
neural progenitors can be generated from 
human ES cells by simply adding dorsomor-
phin (a selective small molecule inhibitor of 
bone morphogenetic protein signaling) to 
a basal growth media (1). Furthermore, the 
fact that the ES cell–derived neurons pos-
sess the characteristics of those found in 
vivo has prompted clinical trials assessing 
their potential for therapy. Geron Corp. was 
among the first to test the waters with the 
intention of creating tissue to repair spinal 
cord injury, although financial issues have 
brought a premature end to this trial.

The issue of transplant safety, however, 
remains  a  potential  stumbling  block. 
Unlike differentiation efficiency,  safety 
is a difficult parameter to quantify, and 
our knowledge is  limited by the  lack of 
data from human recipients. As a result, 
the stem cell field seems to have drawn a 
direct correlation between risk and muta-
tion,  so  that any  tissue whose genomic 
integrity  has  been  compromised  is  not 
considered suitable for therapy. Human 
ES cell research has had to contend with 
this  issue  since  2004,  when  karyotypic 
changes were  first  reported  in cultured 
human ES cells (2), although changes in 
tissue-derived cells have only been spo-
radically reported. With this in mind, the 
impact of the report in this issue of the 
JCI by Varela and colleagues that human 
ES cell–derived neural stem cells (NSCs) 
recurrently  acquire  genetic  changes  (3) 
must be considered.

Nonrandom mutation in NSCs: 
chromosome 1q jumps out
The key message from the work of Varela 
et al. is that, regardless of origin or genet-
ic background, NSCs derived from plu-
ripotent human cells frequently acquire 
amplification of material from chromo-

some 1q (3). Indeed, all NSC lines tested 
by the authors showed chromosome 1q 
amplification,  invariably  as  part  of  an 
unbalanced  translocation.  This  abnor-
mality was not seen in any of the human 
ES cell or induced pluripotent stem (iPS) 
cell lines from which the NSC lines were 
derived, which  implies  it occurred spe-
cifically  during  the  culture  of  NSCs. 
Regardless  of  recipient  chromosome, 
the  variant  cells  went  on  to  dominate 
the  culture,  which  suggests  that  these 
cells have a growth advantage over their 
diploid  neighbors.  Furthermore,  the 
authors’ data suggest that the amplifica-
tion of chromosome 1q was associated 
with loss of senescence in these cells. This 
link between mutation and immortality 
raises an uncomfortable comparison with 
cancer, highlighted by the fact that the 
chromosome 1q jumping translocation 
detected by Varela and colleagues (3) has 
previously been observed in a number of 
malignancies,  including pediatric brain 
tumors (4, 5). However, it should be noted 
that the abnormal NSCs were unable to 
form tumors in mouse models.

Mutation and selection in NSCs
Although  the  chromosomal  changes 
detected by Varela and colleagues are con-
sidered undesirable in a therapeutic set-
ting, the inconvenient truth is that they 
may be  inescapable, and merely demon-
strate the fundamental process of natural 
selection. Evolutionary influences act in 
all living systems, with random mutation 
creating variants better suited to growth in 
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a given environment. In vitro, this process 
has been termed culture adaptation, and it 
has already been reported in a number of 
cell types, including human ES cells (6, 7). 
Culture-adapted human ES cells display a 
number of characteristics associated with 
cancer,  and  it  is  notable  that  the  most 
common changes reported in these vari-
ant cells are also those commonly seen in 
embryonal carcinoma cells, the malignant 
counterparts of ES cells (6). Assuming that 
the rate of mutation is similar in human ES 
cells and NSCs, and given that the popula-
tion doubling time is comparable between 
the two (approximately 38 hours; refs. 8, 9),  
it  is  perhaps  surprising  that  Varela  and 
colleagues are among the first to observe 
karyotypic changes in NSCs (3). Indeed, 
prior to this, the genetic stability of plurip-
otent cell–derived NSCs was not considered 
a problem, with Koch et al. and Nematti et 
al. able to culture these cells for more than 
100 passages without any karyotypic abnor-
malities arising (9, 10). However, the pos-
sibility still exists of subkaryotypic change 
arising in these studies, and a higher-reso-
lution analysis would be required to ensure 
that the genomic integrity of the long-term 
cultured NSC lines is truly intact. Indeed, a 
recent large-scale study of human ES cells 
showed that the most common change was 
in fact undetectable by standard karyologi-
cal techniques (11). Here, it is also worth 
noting that Wu et al. (12) were able to gen-
erate genetically abnormal tumors from 
NSCs of apparently normal karyotype.

Although Varela and colleagues (3) are 
the  first  to  report  nonrandom  changes 
in human pluripotent cell–derived NSCs, 
common changes have been seen in NSCs 
derived  from  fetal  cells  of  humans  and 
mice. Trisomy of chromosomes 1 and 3 
was most common in NSCs derived from 
mouse fetal cells  (13, 14), and it may be 
noteworthy that these chromosomes show 
some synteny with human chromosome 1. 
In the case of NSCs derived from human 
fetal cells, the situation was different, with 
Sareen et al. reporting trisomy of chromo-
somes  7  and  19  as  most  prevalent  (15). 
Although it is unclear why different sources 
of NSCs should acquire different changes, 
the gain of chromosome 7 material is in 
line with its recurrent amplification in neu-
ral tumors (7). As with the report of Varela 
et al. (3), the human fetal cell–derived NSCs 
also  displayed  a  growth  advantage  over 
their normal neighbors, but were unable to 
form tumors. However, unlike the abnor-
mal NSCs the authors studied, the NSCs 
with chromosome 7 and 19 trisomy under-
went replicative senescence. For any stem 
cell, an increase in growth capacity must 
result  from  an  increased  propensity  for 
self renewal over cell death/differentiation. 
Sareen et al. showed an increase in survival 
and proliferation in the variant NSCs, but 
no  change  in  differentiation  potential 
(15). Although the study by Varela et al. 
did not characterize these behaviors for all 
abnormal lines, for two abnormal sublines, 
neuronal differentiation was found to be 

completely attenuated (3). Regardless of 
the tumorigenic properties of these cells, 
this is an alarming observation, given that 
the raison d’etre for these cells is to create 
functional neurons.

Culture adaptation of NSCs: 
challenge or opportunity?
For those keen on taking ES cell–derived 
products to the clinic, the data generated by 
Varela and colleagues (3) are clearly concern-
ing. Yet does this in fact present a research 
opportunity? Although the authors note 
that fragile sites on chromosome 1q may 
predispose  NSCs  to  instability  in  this 
region, and that their growth in media with 
high levels of antioxidants may increase the 
overall probability of generating variants, 
the repeated occurrence of chromosome 1q 
mutants and their dominance of the culture 
implies more than just serendipity. Recur-
ring mutations can be hugely informative 
for screening, but the question arises: What 
is so special about chromosome 1q ampli-
fication? Given the frequency with which 
Varela et al. observed chromosome 1q gain 
(3), it may be possible to define a minimal 
amplicon and identify the key genes behind 
this culture adaptation. Since it appears, at 
least in some cases, that this amplification 
inhibits neuronal differentiation, interroga-
tion of this region may reveal genes capable 
of controlling NSC fate (Figure 1). Indeed, 
even in the cases in which differentiation 
was not altered, chromosome 1q may har-
bor  genes  controlling  the  proliferation 

Figure 1
NSC fate. NSCs can be derived efficiently from a number of sources and have potential for use in regenerative medicine. However, culture 
adaptation of this stem cell will eventually generate variants deemed unsuitable for the clinic. These culture-adapted mutant stem cells will likely 
self renew rather than differentiate or die, acquiring characteristics reminiscent of tumor cells.
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and/or survival of NSCs. This may afford 
some oncogenic insight, as chromosome 
1q gain has been observed in a number of 
malignancies, and thus may contain genes 
that increase cell growth capacity regardless 
of cell lineage.

Implications and future perspectives
Despite the concerns, one of the fundamen-
tal questions to consider is whether the cells 
studied by Varela and colleagues, as well as 
other abnormal cells, are always unsuitable 
for therapy. As mutation is not uncommon 
during the generation and maintenance of 
iPS cells (16, 17), are these cells and their 
differentiated  derivatives  also  unfit  for 
clinical use? Clearly NSCs that are unable to 
differentiate cannot be taken forward to the 
clinic, but some variant lines were equally 
capable of terminal differentiation, when 
derived  from  either  pluripotent  cells  or 
fetal tissue. For those variant NSCs capable 
of generating neurons, but not tumors, it 
may be argued that culture adaptation has 
merely created a population of cells that are 
more readily expandable, and therefore bet-
ter suited to therapeutic needs. The answer 
lies in rigorous testing, as the tumorigenic 
properties of these cells must be addressed 
if they are to be used in regenerative medi-
cine.  Any  indications  of  abnormality  in 
pluripotent cells and their derivatives must 
then be recorded, as their value in screen-

ing, and perhaps better understanding cell 
behavior, will doubtless help these cells real-
ize their great potential.
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Yes, even human brown fat is on fire!
Barbara Cannon and Jan Nedergaard

The Wenner-Gren Institute, Stockholm University, Stockholm, Sweden.

That	adult	humans	possess	brown	fat	is	now	accepted	—	but	is	the	brown	fat	
metabolically	active?	Does	human	brown	fat	actually	combust	fat	to	release	
heat?	In	this	issue	of	the	JCI,	Ouellet	et	al.	demonstrate	that	metabolism	
in	brown	fat	really	is	increased	when	adult	humans	are	exposed	to	cold.	
This	boosts	the	possibility	that	calorie	combustion	in	brown	fat	may	be	of	
significance	for	our	metabolism	and,	correspondingly,	that	the	absence	of	
brown	fat	may	increase	our	proneness	to	obesity	—	provided	that	brown	fat	
becomes	activated	not	only	by	cold	but	also	through	food-related	stimuli.
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Brown adipose tissue is unique in possessing 
the ability to directly transfer energy from 
food into heat (1). This is due to the equally 

unique ability of its characteristic protein 
uncoupling protein 1 (UCP1) to allow for 
combustion of food energy in the brown fat 
mitochondria. Through this, brown fat pro-
duces heat for defense against cold — and 
may prevent obesity by allowing for combus-
tion of energy, instead of storing the excess 
energy as fat. Brown adipose tissue has long 
been accepted as a metabolically important 

organ in small mammals (rats, mice), but 
only within the last five years has it been 
brought forward as a possibly metabolically 
significant tissue in adult humans.

Anatomically, brown adipose tissue in adult 
humans is found primarily in depots in the 
neck and around the clavicles (Figure 1). How-
ever, accepting the anatomical presence of the 
tissue is not the same as accepting that it plays 
an important metabolic role. Acceptance of 
brown adipose tissue as a significant factor 
in the metabolism of adult humans will be a 
stepwise process. Ouellet et al. (2) provide an 
important further step in this process. They 
demonstrate that brown adipose tissue in 
adult humans is actually metabolically highly 
active when it is stimulated physiologically, 
that is, even human brown fat is on fire.


