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ROCK-blocked human ES cells thrive

May 28, 2007 - Human embryonic stem (hES) cells have captured the attention of the
scientific and biomedical research communities for their ability to self-renew
seemingly indefinitely in culture and to give rise to any type of differentiated cell in
the body. Much of the excitement surrounding these cells is the potential of inducing
their differentiation into pure populations of cells of a given type, which may then be
transplanted into patients in what is known as cell replacement therapy. Much
progress has already been made in the mass culture and induced differentiation of
mouse ES cells, but research using human ES cells has been problematized by their
tendency to under go cell death in vitro, making it difficult to generate and sustain
colonies of the sizes that would be needed for therapeutic applications. The causes
of the precarious hold on life hES cells exhibit, however, have remained unclear.
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Dramatically increased survival of hES cells treated with FEOCK inhibitor (righAt;Jzantro-I shown on left)

Now, in a report published in the journal Nature Biotechnology, Kiichi Watanabe and
colleagues in the Laboratory for Organogenesis and Neurogenesis (Yoshiki Sasai;
Group Director) have revealed that this cell death can be blocked simply by
pretreatment with a reagent, known as a ROCK inhibitor. Watanabe et al. have shown
for the first time a marked reduction in hES cell death by administration of the ROCK
inhibitor Y-27632, opening up new avenues for the culture, study and manipulation
of hES cells in clinically relevant quantities. This breakthrough by the Sasai lab (in
collaboration with the National Center for Geriatrics and Gerontology) is of particular
importance in that it enables the growth and differentiation of hES cells under
stressful conditions such as dissociation and suspension, which is necessary to take
advantage of recent advances in mouse ES cell biology, such as the induction of
telencephalic (forebrain) precursors.

The Sasai group has developed a number of techniques for inducing the
differentiation of mouse ES cells into specific neuronal fates to date, some of which,
such as the generation of dopaminergic neurons (which are deficient in Parkinson’s
disease) have been reproduced using human ES cells as well. But the susceptibility of
hES cells to cell death when subjected to stressful culture conditions has remained a
major obstacle to fulfilling their clinical promise. These cells are especially sensitive
to dissociation, in which digestive enzymes are used to separate individual cells in
order to expand a single population into multiple colonies. While this is standard
protocol for mouse ES cells, the dissociation of human ES cells it causes 99% attrition
due to cell death within two days, which has mean that hES researchers have been
forced to resort to other, more finicky methods.

By developing a means of preventing such massive die-offs, Watanabe, now at the
California Institute of Technology, has put mouse ES cell culture techniques within
reach of the human embryonic stem cell research community. The study began with
indications that an atypical form of cell death observed in specific cell types, such as
motoneurons, might be linked to the activity of ROCK (Rho-associated coiled coil
kinase). On looking its expression in dissociated hES cells, he found that ROCK
became activated soon after trypsinization. On pretreatment with the ROCK inhibitor
Y-27632, isolated hES cells showed a nearly thirty-fold increase in the efficiency at
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which they could be cloned into new colonies. This boost in survival and proliferation
was seen in other culture methods as well, and had no detectable effect on the cells’
pluripotency or self-renewal.

ROCK inhibition also considerably facilitated the selective cloning of hES cells after
gene transfer. The introduction of exogenous genes into the genome of hES cells is a
notoriously difficult procedure, with a success rate of less than one in a thousand
tries, meaning that transgenesis experiments performed to date have required
enormous quantities of cells. But the dramatic reduction of hES cell death by
treatment with Y-27632 or other ROCK inhibitors now makes it possible to conduct
such studies on a single 10-cm plate.

In an exciting proof-of-concept demonstration, Watanabe et al. further showed that
ROCK inhibition can be used to enable the neural differentiation of hES cells. The
Sasai group had previously developed a method known as SFEB (for Serum-free
Floating culture of Embryoid Body-like aggregates) for inducing the differentiation of
mouse ES cells into cells expressing genes characteristic of embryonic telencephalon,
but as this required the dissociation and suspension of the cells, the technique was
impracticable for use in human ES cells. But the improved robustness of ROCK-
inhibited cells to such unfavorable culture conditions made it possible for even hES
cells to proliferate in SFEB culture, and the group found that after 35 days of culture
in the presence of inhibitors of neural antagonists a full third of the cells had taken
on a telencephalic precursor or neuronal fate.

Telencephalic cells differentiated from ROCK-inhibited hES cells

This relatively simple methodological refinement of ROCK inhibition is in fact a major
step towards the realization of the great potential of human embryonic stem cells, as
it allows their large-scale culture at levels that had previously only been attainable
with mouse ES cells, and enables or facilitates such fundamental lab techniques as
gene transfer, induced differentiation, and the establishment of colonies from single
hES cells. The launch of the Division of Human Stem Cell Technology (also headed by
Sasai) at the CDB this April will help to put this valuable resource into the hands of
many other labs in Japan, including those that may have been reluctant or unable to
study human embryonic stem cells due to the daunting technical challenges
associated with their culture.

“We look forward to sharing this method with collaborating labs and institutes
around the country, in the hopes of accelerating the pace of biomedical research,”
says Sasai. “And at the same time, we will be looking very closely at why it is only
human ES cells that exhibit this peculiar form of cell death and the role that ROCK
plays in that process.”



