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Despite intense investigation on apop-
tosis pathways, exactly how apoptosis is 
regulated in various primary cells remains 
understudied and continues to reveal 
unexpected mechanisms. While a strict 
regulation of apoptosis is critical for the 
long-term survival of postmitotic cells, 
mitotic cells need to maintain their abil-
ity to activate apoptosis rapidly, as they 
can be at continual risk of becoming can-
cerous.1 Therefore, cells must efficiently 
balance the need for having a primed 
apoptotic pathway vs. the risks associated 
with inadvertent cell death. This balance 
is particularly important during embryo-
genesis, where human embryonic stem 
(hES) cells proliferate rapidly and differ-
entiate, leading to the development of an 
entire organism.2 While optimal hES cell 
survival is necessary for development, the 
ability of these cells to respond rapidly to 
DNA damage by apoptosis and maintain 
genomic integrity is also critical to prevent 
propagation of mutations in the develop-
ing embryo.3 Indeed, hES cells are known 
to be highly sensitive to DNA damage,4,5 
and our recent results have uncovered a 
novel mechanism by which these cells are 
primed for rapid apoptosis.6

An essential mediator of apoptosis in 
mammalian cells is Bax, a proapoptotic 
member of the Bcl-2 family. In healthy 
cells, Bax is predominantly cytosolic 
and present in an inactive conformation. 
Apoptotic stimuli, such as DNA damage, 
result in the induction of BH3-only fam-
ily proteins that promote Bax activation 
by conformational changes. Activated Bax 
then translocates to the mitochondria, 
where it inserts into the mitochondrial 
outer membrane, promoting the release 
of cytochrome c and resulting in caspase 
activation.7 Thus, Bax activation is a 
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critical event in the commitment of cells 
to apoptosis.

We set out to decipher the mechanism 
underlying the rapid death response to 
etoposide-induced DNA damage in hES 
cells. This death was completely depen-
dent on Bax. Surprisingly, we found Bax 
to be in its already active state in untreated 
hES cells.6 These results were unexpected, 
because, thus far, Bax activation has been 
seen only in cells that are actively under-
going apoptosis.8 However, we found no 
evidence of cell death in untreated hES 
cells that have activated Bax. Various 
elegant structural studies have shown that 
binding of the BH3-only activators to Bax 
induces conformational changes in Bax 
that expose the N terminus and the BH3 
domain and mobilize the C terminus to 
insert into the mitochondrial outer mem-
brane.9 Our results show that these steps 
of Bax activation are uncoupled in hES 
cells, with the N terminus of Bax already 
exposed and stabilized but without trig-
gering of downstream structural events.

In cells undergoing apoptosis, active 
Bax localizes to the mitochondria to 
induce caspase activation.7 Unexpectedly, 
we found active Bax to be localized not at 
the mitochondria but at the Golgi (spe-
cifically at the trans-Golgi network) in 
untreated hES cells.6 These results iden-
tify hES cells as the first primary cell type 
to maintain Bax in its active state in the 
absence of cell death. Importantly, by 
localizing active Bax at the Golgi, hES 
cells appear to have developed a mecha-
nism that allows them to maintain Bax in 
its active state but avoid the risk of sponta-
neous apoptosis associated with its mito-
chondrial localization.

To determine whether the constitu-
tively active Bax localized to the Golgi 

enables hES cells to undergo rapid apop-
tosis, we examined whether active Bax 
changes localization after DNA damage. 
As early as 3 h after etoposide treatment, 
active Bax translocated from the Golgi 
to the mitochondria in hES cells under-
going apoptosis. Importantly, active Bax 
was maintained at the Golgi after etopo-
side treatment in p53-knockdown hES 
cells, indicating that p53 was required 
for the Golgi-to-mitochondria transloca-
tion of active Bax after DNA damage.6 
Interestingly, high-resolution microscopy 
shows that the mitochondrial and Golgi 
networks in hES cells are very closely asso-
ciated (almost intertwined), and this spa-
tial proximity likely facilitates the rapid 
translocation of Bax from Golgi to mito-
chondria (unpublished results).

Finally, as hES cells have the potential 
to be differentiated into all cell lineages,10 
we examined whether the constitutively 
active status of Bax seen in undifferenti-
ated hES cells changed with differen-
tiation. Interestingly, Bax was no longer 
present in its active state after just 2 days 
of differentiation. Consistent with the idea 
that the presence of active Bax in undiffer-
entiated hES cells primes them for rapid 
apoptosis, the 2-day differentiated hES 
cells were also no longer acutely sensitive 
to DNA damage.6 These results illustrate 
how the apoptotic machinery undergoes 
dynamic changes to set apoptotic thresh-
olds even at the earliest stages of hES cell 
differentiation (Fig. 1).

These findings provide insight into 
how hES cells are primed to undergo 
rapid apoptosis, thus avoiding the accu-
mulation of genomic mutations during 
a critical period of proliferation in early 
development. Many intriguing questions 
remain: what is the specific mechanism by 
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which Bax is maintained in an active state 
in undifferentiated hES cells? How does 
active Bax localize to the Golgi? What is 
the molecular trigger that mobilizes active 
Bax from the Golgi to the mitochondria? 
How does the differentiation program 
reset the apoptotic sensitivity of hES cells? 
These investigations will undoubtedly 
uncover critical aspects of apoptosis regu-
lation in cells and reveal key features of 
stem cell biology that may have significant 
impact for regenerative medicine.
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Figure 1. Undifferentiated hES cells have a primed death machinery with Bax already active and 
localized to the Golgi. In response to DNA damage, undifferentiated hES cells die by 5 h. DNA 
damage induces the rapid translocation of active Bax from Golgi to mitochondria in a p53-de-
pendent manner. Differentiation of hES cells resets the apoptotic program where Bax is no longer 
active and the cells are no longer highly sensitive to DNA damage. Once Bax translocates to the 
mitochondria, the following steps of apoptosis seem to proceed in a similar manner in both undif-
ferentiated and differentiated cells.


