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Good morning everyone. As the
representative of the organizing
committee, I will give the opening
address of the international
symposium on “Induced Pluripotent
Stem (iPS) Cell Research - Frontier
and Future”. Today we are honored
by the attendance of Kisaburo Tokai,
Minister of Education, Culture,
Sports, Science and Technology
(MEXT) as well as many researchers
from Japan and overseas. As one of
the organizers, I'm very gratified that
this international symposium has got
off to such a lively start. I'd also like
to extend a welcome to all the leading
researchers who have joined us today
from far and wide, and especially Sir
Martin Evans who was awarded the
Nobel Prize last year for establishing
mouse ES cells.

Professor Yamanaka’s achievement
in developing iPS cells is worthy
of being called groundbreaking,
and it has had an immense impact
around the world. Although it
became apparent from the cloned
sheep Dolly that differentiated cells
are sometimes reprogrammed even
in mammals, it was an extremely
complex process and it was thought to
be something that could not easily be
reproduced by researchers.

Professor Yamanaka and his group
worked resolutely on this difficult
problem for about four years,
producing many research findings. In
2006 using mouse cells, and in 2007
using human cells, they successfully
proved that it was possible to
reprogram fibroblasts to stem cells
that have the same pluripotency as
ES cells. Furthermore, the approach
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is highly versatile requiring the
introduction of only three or four
transcription factors into the cells.

The fact that these pluripotent
stem cells, known as iPS cells, could
be produced comparatively easily
was greeted with surprise. But since
they can be prepared easily with
normal research, hopes have been
raised that in future they can be
applied clinically, and the discovery
has caused reverberations around
the world. The reasons behind this
are that it gets around the ethical
issues that beset ES cells and nuclear
transplantation-derived stem cells,
and making original pluripotent
stem cells with no concern about
immunologic rejection will
significantly advance regenerative
medicine. Furthermore, it presents
a very useful means of researching
many illnesses for which the
etiology and pathology are currently
unknown. In other words, it is hoped
that it will be possible to make iPS
cells from patients with various
illnesses, differentiate them into
the relevant cells and discover the
mechanisms that cause the illnesses,
thereby enabling the discovery of
new drugs.

Although iPS cells have raised
considerable expectations, there
are still many issues that must be
clarified before they can be used. Are
there new methods with less potential
for oncogenesis to replace the current
gene transfer method? Why is
reprogramming caused in only a few
cells? What is the mechanism behind
it? What kind of epigenetic alterations
cause reprogramming? What is the
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nature of the cell’s pluripotency? Is
there any difference or not between
iPS cells and ES cells? If there is, what
is it? Is there a more effective method
of differentiating iPS cells into the
desired cells? Just a moment’s thought
suggests many problems that must be
solved. However, these are expected
to be steadily resolved in the future.

One of the significant characteristics
of iPS cells is that, unlike ES cells,
they can be prepared relatively easily.
This is probably why it is currently
the subject of very intensive research
around the world. One of the purposes
of this symposium is to discuss the
state of iPS cells or related stem cell
research, in other words, to make a
roundup of the state of the art, and
to consider the future prospects. One
issue I hope that you will discuss is
international cooperation that will
enable these newly discovered cells to
start contributing to improvements
in human health as quickly as
possible. One such example would be
establishing international banking of
iPS cells taken from patients. Another
issue for consideration is how to
develop and exploit the Center for iPS
Cell Research and Application (CiRA)
established at Kyoto University on the
initiative of MEXT.

This symposium has been made
possible through the participation
of the world’s leading researchers at
a time when pluripotent stem cell
research stands on a new springboard.
So from that point of view, I expect
this to be a historic gathering. I hope
that this two-day symposium will be
very fruitful. Thank you very much.
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I am very pleased that so
many people are here today for
the international symposium
on “Induced Pluripotent Stem
(iPS) Cell Research - Frontier and
Future”.

The achievement of Professor
Yamanaka in reprogramming
of mouse somatic cells and
producing iPS cells that have
the capacity to differentiate
into various cells is a great
achievement in the history of
life sciences. He has succeeded in
realizing what scientists around
the world have dreamed of.

MEXT has long taken an
interest in Professor Yamanaka’s
research, and the Ministry has
provided support through the
Japan Science and Technology
Agency’s Basic Research Programs
and Grants-in-Aid for Scientific
Research. In response to the
announcement in November
last year concerning the
establishment of human iPS
cells, a General Strategy was
established the following month
towards the creation of an all-
Japan research organization
tasked with accelerating research
related to iPS cells. The aim of
this research is to identify the
reprogramming mechanism,
pursue regenerative medicine,
and improve the efficiency of the
drug discovery process.

As part of the General
Strategy, a research network has
been established based at four
institutions, Kyoto University,
Keio University, The University
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of Tokyo, and RIKEN as centers
for research into projects
for establishing regenerative
medicine using iPS cells.
Researchers in this field are now
carrying out integrated research.
To set up this network, the
cooperation and the assistance of
Professors Yamanaka, Nishikawa,
Okano, and Nakauchi that
participate in this symposium and
other internationally renowned
researchers was indispensable.

On the other hand there are
many aspects of iPS cells that
have yet to be clarified and we
are still at the stage of basic
research. There are many issues
that have yet to be resolved
before the results of the research
can benefit the public in the form
of medical treatments. MEXT will
continue to provide research
funds and intellectual property-
related support while working to
ensure cooperation between the
related institutions.

At the same time, securing
and applying the intellectual
property rights arising from this
research is extremely important
for the related industries.
MEXT is providing support
to Kyoto University and the
other universities and research
institutions with the expectation
that industry, which will make
use of the intellectual property
rights, will play a leading role.

Since the announcement by
Professor Yamanaka in August
the year before last of his
groundbreaking findings on

B #2 = Bl Kisaburo Tokai

the establishment of mouse iPS
cells, international competition
in this field of research has
intensified. However, these
findings are also the common
knowledge of humanity. Thanks
to Professor Yamanaka’s research,
we have obtained new knowledge
about a mysterious aspect of
life, but it is important to use
this knowledge in medicine to
benefit the health of populations
everywhere. To this end, it is
crucial that researchers around
the world work together through
international cooperation in
tackling new challenges, while
maintaining their competitive
spirit.

I hope that through this
symposium, the participants
will share their awareness of the
initiatives of researchers and
research institutions in other
parts of the world. I regard this
as a significant opportunity to
deepen international engagement
and to explore appropriate
approaches to cooperation.

In closing my remarks, I
hope that iPS cell research
and research into stem cells
and regenerative medicine will
continue to make advances, and
the day is not far off when the
outcome of the research finds
applications in medical practice.
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1PS Cells - Perspective and Challenge

Shinya Yamanaka

Director, Center for iPS cell Research and Application (CiRA) , Kyoto University /

Professor, Institute for Frontier Medical Sciences, Kyoto University

The path to establishing iPS cells

Our research builds on the works
of Dr. Martin Evans et al, who in 1981
prepared the first embryonic stem (ES)
cells from mouse blastcysts. In 1998
human ES cell lines were successfully
established by Dr. James A. Thomson
et al of the University of Wisconsin,
17 years for this technology to move
from mouse to human cells. Human ES
cells can be proliferated indefinitely,
and can be differentiated into a
variety of cell types. We expected
to see the development of cell lines
for use in new drug screening and
for the evaluation of adverse drug
reactions and drug toxicity. Other
anticipated application has been the
transplantation therapy using the
cells differentiated specifically for
diseases or injuries.

However, even ten years later,
clinical applications using human ES
cells have still not been implemented.
This is in part due to the consideratel
and deliberate operations required
when working with fertilized human
ova, which has slowed the speed of
research. In addition, it is practically
impossible to prepare ES cells that are
genetically identical to the patient’s
cells. To circumvent these issues,
my colleagues and I began research
in 1999 on the direct generation of
pluripotent stem cells using somatic
cells from animals or patients. Our
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objective was to induce the same
pluripotency in the somatic cells as ES
cells.

At first, we hypothesized the
existence of pluripotency inducing
factors (PIFs), and explored the
feasibility of generating stem cells in
which cell differentiation could be
induced, and that would provide the
same pluripotency as ES cells. From Sir
John Gurdon's researches showing that
pluripotency can be reacquired by
transferring somatic cell nuclear into
eggs, we knew that PIFs are present in
frog eggs, and the somatic cell clone
sheep, Dolly clearly demonstrated that
PIFs are also present in mammalian
ova. At that point it remained
unclear whether PIFs could induce
pluripotency in fully differentiated
cells. However, more recently Dr.
Rudolf Jaenisch succeeded in using
nuclear transplantation to reprogram
lymphocytes to a pluripotent state.
In addition, Dr. Takashi Tada of the
Kyoto University Institute of Frontier
Medical Sciences has successfully
induced lymphocyte pluripotency
by fusing mouse lymphocytes and ES
cells.

Building on these developments, we
began a search for PIFs using ES cells.
Initiated in 2000, this work was based
on the hypothesis that the factors
inducing pluripotency would be
identical to those factors that sustain
pluripotency in ES cells, and on the

4

further hypothesis that these factors
would be specifically expressed in the
ES cells or would play an important
role. At about that same time, in
1999 and 2000, there were a number
of researchers investigating the
mechanism of pluripotency in mouse
ES cells, so considerable elucidation
was achieved regarding the roles
of important transcription factors
such as LIF, STAT3, c-MYC, SOX2, and
OCT3/4.

We also used databases from
the Genome Project for screening.
Searching the RIKEN mouse EST
database for factors expressed in
ES cells that disappeared after
differentiation, we discovered a new
gene group that we designated as
ECAT (ES cell associated transcript)
genes. During 2003 and 2004, we
compiled a list of 24 candidate factors
for inducing pluripotency. However,
when we introduced these factors
individually into mouse somatic cells,
the results did not generate ES-like
cells. We then explored the potential
use of multiple factors, specifically
the four factors OCT3/4, SOX2, c-MYC,
and KIF4. Through the retrovirus-
mediated introduction of these four
factors into mouse somatic cells, we
obtained ES-like cells. We termed
these "iPS cells" in our 2006 report
of this research. The following year
three research groups, including Dr.
Jaenisch and colleagues, succeeded in
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creating mice derived solely from iPS
cells. These findings confirmed that
iPS cells could potentially rival the
performance of ES cells.

The experiments also demonstrated
that the in vitro differentiation of
iPS cells was identical to that seen
in ES cells. At Keio University,
Professor Hideyuki Okano had
already confirmed the differentiation
of neural stem cells into neurons,
astrocytes, and oligodendrocytes.
Meanwhile, Associate Professor Jun
Yamashita of Kyoto University showed
that common precursor cells derived
from mouse iPS cells were capable of
differentiating into cardiovascular
cells including blood cells, vascular
endothelial cells, vascular wall cells,
and myocardial cells. The use of
a 3-dimensional culture made it
possible to reconstruct blood vessels
from these precursor cells.

We used the ChIP-on-chip method
for further in-depth analysis of mouse
iPS cells. This technology enables
a thorough microarray analysis of
DNA-bound transcription factors.
Applying that technology, we were
able to clarify the binding of OCT3/4
and SUZI2 to genes in ES cells and iPS
cells respectively, and to elucidate the
role of those transcription factors.
Our results showed that the binding
of these four factors was associated
with changes in the activity of
polycomb genes and of genes related

1987-1989 Resident, National Osaka Hospital, Osaka, Japan

1995-1996 Staff Research Investigator, Gladstone Institute of

1996-1999 Assistant Professor, Osaka City University,

1999-2003 Associate Professor, Nara Institute of Science and Technology,

2003-2005 Professor, Nara Institute of Science and Technology
2004- Professor, Institute for Frontier Medical Sciences,

2007- Professor, Institute for Integrated Cell-Material Sciences (iCeMS),

2008- Director, Center for iPS cell Research and Application (CiRA),
iCeMS, Kyoto University, Kyoto, Japan

School of Medicine (M.D. awarded in March, 1987)
1989-1993 Osaka City University Graduate School, Osaka, Japan
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to epigenetics, thus regulating protein
expression and inhibition, and
resulting in the formation of iPS cells.

Towards clinical applicatio-

ns of human iPS cells

But could the four factors discovered
in mice also be used to induce human
iPS cells, given the considerable
difference between ES cells in mice
and humans? Interestingly, within a
year of our publication regarding iPS
cells in mice, several research groups
had succeeded in producing human
iPS cells. These rapid results were
made possible by the wealth of data
already available in the area of human
ES cell research, with the reports
indicating that iPS cells derived from
adult human skin cells had been
successfully differentiated into a
variety of cell types including neural
cells, dopamine-producing cells,
myocardial cells, gut-like cells, skeletal
muscle-like cells, and cartilage cells.

Based on these results, the Kyoto
University Center for iPS Cell Research
& Application is pressing forward with
research designed to create iPS cells
for patients from their own skin cells.
In the future we hope to generate
neural cells, myocardial cells, liver
cells, and B cells from autologous
iPS cells. At present it remains
difficult to induce differentiation into
endodermal cells of the latter types.

2003 NAIST Academic Award,
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2007 Meyenburg Foundation Award 2007
Asahi Prize 2007

2007 Inoue Prize for Science 2007
2008 Robert-Koch-Preis 2008

However, with so many researchers
making progress on iPS cell activation,
it seems probable that those cells will
also be successfully generated in the
near future.

Since iPS cells are originally
differentiated cells that have been
forcibly reprogrammed as pluripotent
cells, there is some risk that they
may express other characteristics in
addition to pluripotency. Safety must
thus be evaluated and confirmed
even more carefully and thoroughly
for these cells than for ES cells.
However, once these issues are
resolved, it should be feasible to use
iPS cells in regenerative medicine
and in applications involving cell
transplantation.

Since the generation of iPS cells
for individual patients will by time-
consuming and expensive, we
anticipate the creation of cell banks
where somatic cells from a wide range
of volunteers will be collected and
stored by HLA type, both in the form
of iPS cells and as differentiated cells.
This would offer many advantages. For
example, patients of spinal cord injuly
require cell transplantation soon after
the injury occurs. A cell bank could
make such rapid treatment possible.
In addition, we are confident that
iPS cells will prove highly useful in
the developments of drug screening,
evaluation systems of adverse drug
reactions and drug toxicity.
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Stem cells, pluripotency and

nuclear reprogramming

Rudolf Jaenisch

USA

Member, Whitehead Institute for Biomedical Research /
Professor of Biology, Massachusetts Institute of Technology

Getting close to the mech-

anism of reprogramming

The induced pluripotent stem
(iPS) cells generated by Professor
Yamanaka may prompt significant
change in future research and
the world of medicine. Here I
will talk about the fundamentals
of iPS cells in terms of the cell
reprogramming mechanism.

One of the objectives of
research into stem cells is
to develop techniques for
regenerative medicine. However,
there are limits with embryonic
stem cells (ES cells) because of
the immune response that occurs.
Somatic cell nuclear transfer
(SCNT) was developed as a way to
solve this problem and research
has already demonstrated that
this technique can be used to treat
diseases in the mouse. There are,
however, various problems with
applying this technique to treat
diseases in humans, including
efficiency, costs, and ethical
issues.

With SCNT, the DNA must be
reprogrammed through a purely
physiological reaction, rather than
the egg performing a miracle. As
the ideal situation would be to
achieve reprogramming without
using a human egg, there are two
possible strategies. One involves
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researching the molecular
circuitry for reprogramming
found in ES cells and using this
mechanism. The other involves the
forced expression within somatic
cells of the factors necessary for
reprogramming.

Looking at the molecular
circuitry strategy first, in ES cells,
the transcription factors Oct4,
Sox2, and Nanog activate the
pluripotency mechanism. These
three factors promote cell self-
renewal through the formation of
a mutually autoregulatory loop
and suppress factors involved in
differentiation in the genes. This
is thought to be the process of
reprogramming that occurs in ES
cells.

The groundbreaking paper
on mouse iPS cells authored by
Professor Yamanaka describes
a method to forcibly initiate
this reprogramming process.
Since then, various improved iPS
cells have been generated. Our
laboratory has also developed a
method to create iPS cells more
efficiently than before, using B
cells from the immune system.
Today, the properties of iPS cells
are quite similar to those of ES
cells and we are now able to
produce chimera mice or even
embryos.

So, how is reprogramming

possible? We already know that
endogenous genes are actually
responsible for controlling
reprogramming and that factors
introduced from outside using viral
vectors are no more than triggers.
However, the reprogramming
mechanism is still a black box.
So many questions come to mind,
such as what is the kinetics of
reprogramming, how long does it
take, or is it a stochastic event?

Looking at the kinetics first,
we introduced iPS cell inducing
factors into a group of fibroblasts
and then created sub-clones
from those cells that had still
not become iPS cells by day 6.
Of the sub-clones, some rapidly
became iPS cells and others took
time. Based on these results,
we see that reprogramming is a
change dependent on a stochastic
epigenetic mechanism.

This led us to ask whether
reprogramming involves a defined
pathway and how long it takes
for an inducing factor to start
the reprogramming process.
Our experience suggests that
pluripotent markers such as SSEA1
are expressed 3-6 days after the
inducing factor is introduced,
while endogenous genes including
a drug-resistance marker do not
start to be expressed until around
2 weeks have passed. In other
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words, the application of an
inducing factor initiates a cell
reprogramming process after
around 3 days, but at this stage
it only represents partial gene
activation. From 3 days through
to around 12 days, the inducing
factor is present and continues to
function, resetting the epigenetic
state. Once an autoregulatory
loop is formed, the cells become
drug resistant and are stable
pluripotent cells (iPS cells).

Developing applications
for iPS cells

There are two main uses for
iPS cells. The first is for in vitro
research on human diseases.
For example, we could sample
somatic cells from individuals
with amyotrophic lateral
sclerosis (ALS) and from healthy
individuals, create iPS cells from
these samples, and compare
their properties to gain a better
understanding of the disease.
These cells can also be used for
drug discovery purposes. With
this type of research, there are
no issues with the use of cancer
genes such as c-myc when creating
iPS cells.

The other use is in therapeutic
applications. We are working on
sickle cell anemia and Parkinson's

(P93199[9G) SIOUOY PUE SPIemMy

disease. Sickle cell anemia is
caused by abnormal hemoglobin.
We sampled fibroblasts from
mice with sickle cell anemia and
created iPS cells. Then, having
repaired the mutated gene, we
differentiated the cells into bone
marrow cells, returned them
in vitro into a mouse disease
model, and produced a marked
therapeutic effect. Bone marrow
transplantation is already an
established treatment method, so
this research could possibly be
developed further into the first
example of the application of iPS
cells in the treatment of a human
disease.

We are also working on Parkinson's
disease. We generated neural
precursor cells from iPS cells
and introduced them into the
brains of Parkinson's disease
model mice. The production
efficiency of dopaminergic
neurons was not particularly
high, but we confirmed that the
cells had been taken up within
the brain and were functioning.
We also observed a recovery in
physiological function.

The advent of iPS cells has
meant that cell therapy, once
considered a dream, is now closer
to becoming a reality. Progress is
also being made on elucidating the
principles behind the production

Prominent Immigrants

of iPS cells. There are still technical
challenges to overcome, such as
confirming safety, but iPS cells
have opened up many more
possibilities today.
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ES cells ‘evolve’ in cultures

I would like to talk about ES

cells evolving in cultures.
When pluripotent stem cells
are kept in cultures, we have
to take care that they do not
differentiate. However, a certain
amount of change is unavoidable.
For example, in populations of
human ES cell lines, there are
some that should in theory be
stained by antibodies, but which
in fact are not. This is due to the
characteristics of the culture
environment itself. Cultured
cells are heterogeneous as a
population.

The three types of change
characteristic of ES cells in
cultures are self renewal, cell
death, and differentiation. When
ES cells are cultured, they are
passaged every to five to six days,
and this operation means that
there is a fairly strong selective
pressure on the cells favoring
self-renewal. We are using the H7
line made by James Thomson, and
while the growth rate and cloning
efficiency of ES cells cultured for
about a year increases as they
adapt to their environment, they
still maintain their pluripotency.

So how do ES cells adapt? When
we studied the karyotype of the
cells, we found that differential
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amplification was occurring
in the specific chromosomes
12, 17 and X. Surprisingly, the
karyotype of teratocarcinoma-
derived embryonic carcinoma
cells (EC cells) also includes
differential amplification of the
specific chromosomes 12 and 17.
The domain of these amplified
chromosomes may include genes
that affect the balance between
self renewal, differentiation and
cell death. These results may be
due to the same sort of selective
pressure on ES cells.

Another very interesting point
is that in culture populations of
ES cells, there are also cells which
differentiate into other types.
Certain factors arising from
these differentiated cells may be
encouraging differentiation of
other ES cells, or conversely, it
may be hindering it.

In order to study this possibility,
we focused on a gene called DLK-1.
This gene is on chromosome 14,
and it is a gene that appears to
stimulate cell growth. In fresh
ES cells, the representation of
DLK-1 is low, but after several
generations, its expression may
become stronger. The occurrence
of cell populations with high
representation of this gene may be
one reason why growth is active in
adapted ES cells.

And there is another very
interesting point. The surface
antigen marker known as
SSEA3 appears at the onset
of differentiation in human
ES cells, and it is the first to
disappear. When we compared
cell populations using this marker
as an indicator, a strange thing
occurred. In normal ES cells, the
positive and negative cells of
SSEA3 are sorted into different
cell groups, but in adapted ES
cells, they are sorted into the
same sort of cell groups. This can
be considered to reflect changes
in the adaptation process.

When we studied this further,
we found that in unadapted ES
celtures, colony forming cells
were predominantly found in only
the SSEA3 positive population,
whereas such colony forming cells
were found in both the SSEA3
positive and negative populations
in adapted cultures. This leads
to the hypothesis that there are
SSEA positive and negative cells
in ES cell populations, that the
cells fluctuate between these two
states, and that the dynamics of
this fluctuation as affected by
adaptation.
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The free energy that regul-
ates the status of stem cells

This has been a rather abstract
discussion, so let’s try explaining
it by including the concept of free
energy. If we represent the status
of the cell as a ball, pluripotent
stem cells are initially in a
state where the ball is stuck in
a depression. In other words, it
is stable with low energy. If the
ball that represents this state
overcomes the energy barrier
surrounding this depression
and starts to roll down a hill
away from this depression,
it differentiates. To put it
another way, differentiation is
a probabilistic matter. And in
the adapted cells, as the energy
barrier gets higher, it is supposed
that the pluripotent state becomes
more stable as the energy barrier
rises.

When I measured the status of
human ES cells using the surface
antigen marker, I found that the
status of the cells divides into a
number of stages. These markers
can be conceptualized as the
contours of a free energy map.
Where it is found on the contours
produces the status of the cell.
For example, we know that when
both the SSEA-3 and TRA-1-60
markers are negative, colony

with thanks to Dr Paul Gokhale, CSCB, Sheffield University

forming activity is high.

So do cells located on this contour
come to have different potential
patterns of differentiation? The
NTERA 2 EC cell line differentiates
when retinoic acid is supplied,
with about 5% becoming nerve
cells. So why is this? When I
investigated whether all of them
could be made into nerve cells,
I found that before NTERA2
EC cells are stimulated with
retinoic acid, they already have
two tendencies. In other words,
they are cells that tend towards
becoming nerve cells, or are
cells with other tendencies. As
expected, pluripotent stem cells
can be considered to pass through
various stages in the preparatory
stage of differentiation while
maintaining pluripotency.

As 1 have shown up to this
point, the state of gene expression
in ES cells changes while they are
being cultured, and they adapt
to the culture environment.
Through detailed study of this
adaptive mechanism, we can
expect that the self renewal and
differentiation mechanisms of
pluripotent stem cells, as well as
the mechanism of tumorigenesis
will be revealed.
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A Chemical Approach to

Pulripotency and Reprogramming

Sheng

Successive subcultivation of
embryonic stem cells using
only synthetic compounds

Over the past few years, I
have used a chemical approach
to the study of stem cell biology
and have identified various
compounds and genes involved in
stem cell fate regulation. Today, I
will talk about the small molecule
approach.

We have developed a
combinatorial scaffold approach
and have synthesized many
small molecules. Using scaffolds
with motifs already known to
be physiologically active, such
as pyrimidines and indoles, we
have generated a collection of
various compounds of biological
significance. We used high-
throughput screening to search
this small molecule library
and determine whether any of
the molecules could maintain
pluripotency in mouse embryonic
stem cells (ES cells). Thus far,
we have needed feeder cells,
fetal bovine serum, and a
differentiation-inhibitory factor
(leukemia inhibitory factor; LIF)
to culture mouse ES cells, but the
use of these factors can result
in contamination by multiple
unknown factors such that it has

Report
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Associate Professor, Department of Chemistry / The Scripps Research Institute

proved difficult to collect data
under strictly defined conditions.
As a result of our library search,
we identified a promising small
molecule compound that we
called Pluripotin. Using this
substance, we were able to
subculture mouse ES cells over
long periods in a stable fashion
without using feeder cells, serum,
a differentiation-inhibitory
factor or a growth factor. The
mechanism of action of Pluripotin
appears not to interact with
the existing signaling system
necessary for mouse ES cell
self renewal. Having identified
two Pluripotin target proteins,
RasGAP and Erkl, and performed
biological and genetic analyses,
we determined that Pluripotin
binds independently to these
two differentiation proteins and
inhibits their activity.

Based on these findings, we
concluded that the mouse ES cell
self-renewal function does not
involve activation of a specific
signaling system by exogenous
factors, but instead involves
the inhibition of endogenously
expressed differentiation genes.

The culture of human ES
cells under specific chemical
conditions is of great significance.
As well as enabling more robust
and safe cell culture, a defined

culture environment and
signaling mean researchers are
able to understand the detailed
mechanisms at a molecular level.
A few years ago, we cultured
various human ES cells using
20ng basic fibroblast growth
factor (bFGF) and either the
N2 supplement or the N2/B27
supplement, which are of a
defined chemical composition.
We discovered we were able
to maintain the self-renewal
function over long periods. We
could also induce differentiation
under these conditions. By adding
growth factors and compounds
at each step of mouse embryonic
stem cell differentiation, we
were able to ultimately culture
beating cardiomyocytes. We also
successfully generated specific
nerve cells, pancreatic cells, and
cardiomyocytes using the same
approach with human ES cells.

In 2004, we published research
on Reversine, a factor that
controls reprogramming.
Myoblasts and fibroblasts
reprogrammed using Reversine
redifferentiated In vitro into bone
cells, fat cells, and muscle cells.
We have identified a target
protein and confirmed genetically
that this is involved in Reversine
activity.
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iPS cell induction by
substituting transcription
factors

Today, there are three main
challenges in the production
of iPS cells. First, the viral
intervention of oncogenes
is a barrier to the clinical
application of these cells. Second,
reprogramming efficiency is
extremely low. Third, the reaction
takes a long time.

In order to overcome these
issues, we decided to search for
cells that required little genetic
manipulation and to identify
small molecule substances
that could be used instead
of a transcription factor and
would improve reprogramming
efficiency. For example, using
tissue-specific neural progenitor
cells, we applied only two of the
four factors conventionally used
(Oct4 and Kl1f4) and induced
iPS cells 10-14 days after
transfection. We identified a
previously unreported compound
— Compound I — that improved
reprogramming efficiency under
these conditions and achieved the
same efficiency when we used the
four factors. By replacing Sox2/
c-Myc with this compound, we
established an iPS cell line. This

is possible even without feeder
cells.

We are also working with adult
stem cells. Over the past few
decades, cell-based therapies such
as bone marrow transplantation
have been used clinically, but
they are not simple procedures.
A cell drug that could spur
stem cells into action could be
administered like a normal drug
and could promote regeneration
and injury recovery In vivo,
Neuropathiazol, a small molecule
that we previously identified,
potently induces adult neural
precursor cells to differentiate
into neurons and inhibits
differentiation into astroglial
cells. Infusing this compound into
rats promotes neurogenesis in
the dentate gyrus. We confirmed,
after 40 days, an improvement in
spatial memory in a water maze
behavior assay. We are continuing
our research with the aim of
discovering small molecules that
regulate adult stem cell fate.

1997 National Merit Scholar,
Phi Tau Phi Honor Association.
1997 Member of Tau Beta Pai,
. the Engineering Honor Society.
§ 1997 Rosalind W. Alott Merit Award.
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2 1998 Carnation Merit Award.
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L4, a Novel Target Gene of Oct4

Ying Jin

Professor of Developmental Biology / Director of Key Laboratory of Stem Cell Biology /

Institute of Health Science / Shanghai Institutes for Biological Sciences /

Chinese Academy of Sciences/Shanghai JiaoTong University School of Medicine

What is molecular
mechanisms for transcript-
ion factor Oct4 to maintain
pluripotency ?

In order to bridge the gap
between basic research and
applied research, we have worked
mainly on research into human
and mouse ES cells. Recently, we
have also started iPS cell research.
Today my talk will focus on our
research findings to date.

We know that transcription
factor Oct4 plays an important
role in maintaining the
pluripotency of stem cells.
However, we lacked a clear
understanding of the mechanism
by which Oct4 is actually involved
in, and which molecules are its
target. Therefore, ,we have worked
to discover the factors related to
the pluripotency function that
works in relation to Oct4.

As one of the substances
that interact with Oct4, firstly
the protein Wwp2 has been the
subject of considerable attention.

Wwp2 is a ubiquitin ligase and

Report

besides Oct4, it has interaction
with the Rpbl protein. Oct4
can be ubiquitinated by Wwp2.
Furthermore, we found that
Oct4 interacts with Ubc9 and is
modified by sumolyation. We
have come to understand that
ubiquitination and sumoylation
jointly control Oct4 protein level
in ES cells. These studies first
point out that posttranslational
modification has an important
role in control of Oct4 protein
level in ES cells.

In addition, when we carried out
assay using ChIP, many molecules
emerged as candidate targets for
Oct4. Among these, the one that
we particularly focused on was
L4. We found that when ES cells
are induced to differentiate,
the expression of L4 increases
markedly. Importantly, Oct4 can
bind to regulatory sequence of L4
genes and regulate L4 expression
in ES cells, and we have continued
with these experiments. Our
work demonstrates that L4
overexpression can induce

mouse ES cells to differentiate

into extraembryonic endoderm
cells through actiavation of
MARK/ERK1/2 signaling pathway.
Therefore, this study identifies
a novel target gene of Oct4 and
inhibiting expression of L4 gene
might be one of mechanisms for
Oct4 to maintain ES cells in an

undifferentiated state.
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Stem Cells
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Human embryonic stem cell
cultivation without the use
of animal or feeder cells

Our Stem Cell Research Center
was established 5 years ago in
the city of Haifa in Northern
Israel. The Center employs four
senior researchers and a total
of 60 employees, and functions
as a core facility for stem cell
research in Israel. I was involved in
the work done by Professor James
A. Thomson and other colleagues
to establish the first-ever human
embryonic stem cell (ES cell) line
in 1998. This development has
already been consigned to the
history books in the 10 years that
have passed since then.

Thus far, ES cells have been
cultured in fetal bovine serum
(FBS) using mouse embryonic
fibroblasts (MEF) as a feeder
layer. However, if human ES cells
are to be applied clinically in
the future, we need to establish
culture conditions that do not
involve exposure to mouse
retroviruses and methods that do
not use animal cells, as they pose
an infection risk from animal
pathogens. Another problem
if we are targeting clinical
application is variation between
batches of MEF and FBS and the
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lack of strictly defined culture
conditions.

We therefore developed a
method that uses human foreskin
fibroblasts instead of MEF and
serum replacement instead of
FBS. We successfully cultured
human ES cells in a stable manner
and at high efficiencies without
the use of feeder layers or
serum. Human ES cells could
only be subcultured for a few
generations with MEF, but our
method allowed successive
subcultivation for 43 generations
on foreskin fibroblasts. We used
a three-dimensional culture of
differentiating cells (embryoid
bodies) to generate spontaneously
beating cardiomyocytes from
human ES cells and confirmed
cell functions. Pharmaceutical
companies are already using
such cardiomyocytes for drug
screening by observing QT
prolongation.

We also successfully induced
mesenchymal stem cells from
human ES cells. We successively
subcultured these cells for 20
generations such that they became
capable of prolonged proliferation.
We observed osteogenesis when
we differentiated these cells in vivo
without using a matrix or scaffold.
We cultured these cells to high
density over the following

few weeks and obtained long
columnar tendon-like structures.
We transplanted these structures
into nude mice with severed
Achilles tendons and saw a
complete recovery in the Achilles
tendon function in 8 weeks.

Using suspension culture met-
hods to achieve large-scale
culture of human ES cells
and iPS cells

Next, I will talk about suspension
culture of undifferentiated human
ES cells. We need to be able to
replicate and differentiate cells
in three dimensions for future
application in regenerative
medicine. Researchers have
therefore investigated culturing
cells in suspension rather than
adhering cells to the culture
dish. Leukemia inhibitory factor
(LIF) is used to keep mouse ES
cells in an undifferentiated
state. Downstream transcription
factors such as STAT3 are also
known to play an important
role in maintaining cells in an
undifferentiated state. A number
of reports have suggested that
self-renewal in human ES cells
cannot be maintained with LIF/
STAT3 signaling. The chimera of
IL6 and the soluble IL6 receptor is
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a potent stimulating factor for the
gpl130 subunit of the LIF receptor.
We cultured undifferentiated
human ES cells in suspension with
the addition of the chimera and
basic fibroblast growth factor
(bFGF). With this method, we
were able to successively culture
the cells through 43 generations
and confirmed the continued
expression of undifferentiated
and pluripotency markers. The
apoptosis rate during the culture
period was around 5% after 1
week and around 30% after 2
weeks. Of particular interest was
that cells cultured in suspension
over a long period could then be
transferred without any problems
to two-dimensional monolayer
culture.

We also began researching iPS
cells. We investigated suspension
cultures of iPS cells in static
cultur, in a dynamic culture using
a spinner flask. In our view, it
should be not that difficult to
achieve the large-scale culture
of the cells using bioreactors and
defined culture conditions. Cells
cultured in suspension are robust
and can be transferred to two-
dimensional culture, so we should
be able to send them overseas by
Fedex.

Provisional data show that
pluripotent stem cells may be
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more stable in three-dimensional
than two-dimensional culture.
Three-dimensional suspension
culture of human iPS cells results
in beautiful spheroid formations
that self renew, form the three
embryonic germ layers, and
differentiate into various cell
lineages. Of increasing interest
as a key theme in basic biology
is how cells adapt to three-
dimensional culture. Research has
also begun on genetic profiling
for two-dimensional and three-
dimensional culture. For example,
there have been reports that
cadherins are upregulated by
three-dimensional culture, while
the integrin family is upregulated
by two-dimensional culture
and downregulated by three-
dimensional culture.

In the near future, I am confident
that the large-scale culture of
pluripotent stem cells will be
possible and that the convenient
and inexpensive supply of cells
will enable their use for clinical
and high-throughput screening
purposes.
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Cell therapy for spinal cord injury
using neural stem/progenitor cells
derived from pluripotent stem cells
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Understanding the mechan-
ism of in regeneration of

the central nervous system

The great scientist Santiago
Ramon y Cajal who laid the
foundations of neurology said
that once the mammalian central
nervous system (CNS) is injured,
it cannot recover. However, |
wondered if that were really true,
and have investigated the issue
using stem cell technology.

In regeneration of CNS, nerves
can be said to be regenerated with
the completion of (1) regeneration
of the disrupted neuronal axon,
(2) replenishment of neural
cells, and (3) recovery of lost
neural function. Therefore, it
is necessary to understand the
complicated phenomenon of
neural development from the
embryo stage.

Very early on, neural stem
cells (NSCs) proliferate in a
symmetric fashion (expansion
phase). Thereafter NSCs
undergoes asymmetric cell
division to produce neuronal
lineages (neurogenic phase). At
this phase, NSCs are resistant to
gliogenic cytokines. Subsequently,
after the neurogenic phase is
over, they differentiate into glial
cells, including oligodendrocytes
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and astrocytes (gliogenic phase).
The process by which these
various neural cells arise follows
a particular time schedule, and
the question is how to control
this process. Recently neural
cell culture systems using ES
cells have been established
that are useful in this research,
mimicking the temporal changes
of the differentiation potential
of NSCs. With this method, the
growth factors to apply to the
cells are determined — embryoid
body cell clusters are made
from ES cells, and these are then
modified to form neural cell
clusters (neurospheres) (Okada et
al. Stem Cells, 2008). These are
differentiated sequentially into
the primary neurosphere (PNS),
the secondary neurosphere (SNS)
and the tertiary neurosphere
(TNS), to induce neural cells. In
the PNS, most of the main types
of neurons are present, and in
the SNS the three cell lineages are
all present. In the process where
the ES cells change to PNS in the
petri dish and then to SNS, the
expression level of various genes
changed significantly. When
we performed DNA microarray
analysis and functional screening
using this in vitro culture condition
to reveal factors associated with
temporal changes in NSCs’ potency,
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we identified a transcriptional
repressor, COUP-TF as a candidate
for such a factor (Naka et al., Nat.
Neurosci, 2008). We found that
when COUP-TF is present, NSCs are
able to acquire the competency
for the gliogenic cytokines, i.e.
glial cells (astrocytes) arise from
NSCs in a temporarily regulated
fashion.Namely, in the presence
of the expression of endogenous
COUP-TF, we found that 0% of
PNS, 50% of SNS and 100% of
TNS differentiated into astroglia
by the treatment of gliogenic
cytokines (LIF+BMP). Conversely,
if this gene is knocked down,
almost no or very small number
of glial cells arise even from
TNS. When this factor is heavily
present, initially the cells become
neurons, and as it decreases,
glial cells arise. By combining
these factors that control neural
development, in future we should
be able to produce the types of
neural cells that we are aiming
for.

Efforts towards realizing
regeneration of the CNS
It is one thing to clarify the

mechanism by which neural cells
arise, but the question is whether
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PNS and SNS have a therapeutic
use. For this research we made
a spinal cord injury (SCI) model
using mice, and nine days after
the injury, in the subacute phase
when the therapeutic effect is
highest, we transplanted ES cell-
derived neurospheres. Thereafter
we measured the rate of recovery
using a range of histological,
cell biological, and behavioral
methods. With PNS, mostly
neurons arose, but when SNS
were transplanted, a lot of glial
cells appeared in addition to
neurons. Furthermore, when SNS
were transplanted, remyelination
and induction of angiogenesis
occurred in the damaged nervous
system, indicating that the
transplanted cells worked to
assist the functional recovery
of the organism. This was also
reflected in recovery of hind limb
function, and while PNS had no
therapeutic effect, we found that
SNS was effective.

On the other hand, humans
and rodents are quite different
in terms of neuroanatomy and
function of the spinal cord. So
with a view to future clinical
trials, we conducted tests using
non-human primate (common
marmosets) SCI models. As
with the mice, we made injury
models of varying severity for
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treatment. This resulted in clear
therapeutic effects, and we also
observed recovery of spontaneous
movement. Through these tests,
we are at the stage where we can
prepare for clinical trials that
meet the safety standards, but
from an ethical and regulatory
viewpoint, we cannot yet start
clinical trials using fetal CNS-
derived NSCs.

On these grounds, we changed
our strategy using stem cells
prepared from adult tissues, there
is a possibility that we can use
this method in clinical trials. We
are now examining the possibility
of treatment using marrow-
derived stem cells and iPS cells.
Up to now, we have conducted
the neural differentiation of the
first generation iPS cells selected
by the expression of Fbx15 locus
(Fbx15-iPS cells) and second
generation iPS cells selected by
the expression of nanog locus
(Nanog-iPS cells). In the results
so far, when SNS made from
first generation iPS cells, were
transplanted, brain tumors arose
making them unsuitable for
treatment purposes. However,
with second generation iPS cells
(Nanog-iPS cells), as with ES cells,
differentiation into the three
major cell lineages is possible,
and we are currently investigating
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whether the functional recovery
is obtained by the transplantation
of SNS derived from Nanog-iPS
cells.

In future, it may be possible to
make a cell pool for autologous
transplantation using iPS cells.
In that case, it will probably
be a matter of testing safety
and effectiveness with non-
human primate models, and then
applying it to humans.
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Retinal Cell Transplantation using

stem cells.

Masayo Takahashi

Team Leader, Laboratory for Retinal Regeneration /
Center for Developmental Biology, RIKEN, Japan

Retinal diseases and
regenerative medicine

I am researching regenerative
medicine for retinas. Here, I
will talk about iPS cells from
the perspective of regenerative
medicine, including the
relationship with disease.

The retina is the site where
light strikes after passing
through the eyeball. Light passes
across the retina and stimulates
photoreceptors to transmit
information through neurons
to the brain. Current medical
techniques are already capable of
repairing the opacity of cornea or
lens, but not the damaged retina.
The most of the cases of vision
loss in developed countries are
caused by retinal diseases.

The two main target retinal
diseases are retinitis pigmentosa,
where the photoreceptor neurons
die in the periphery of the visual
field, and age-related macular
degeneration, where the retinal
pigment epithelial (RPE) cells
needed to maintain photoreceptor
cells degenerates or dies out in
the central portion of the visual
field. Therefore, patients with
retinitis pigmentosa experience
a narrowing of the visual field,
while patients with age-related
macular degeneration experience
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a reduction in visual acuity
only in the central portion as
the cells die out in the center.
Both conditions may result in
blindness.

The term blindness is often
misunderstood. The medical
definition of blindness is no light
perception, but blindness is more
commonly (legally) defined as
corrected visual acuity of 6/60
or less (the WHO definition is
corrected visual acuity of 6/120
or less or a narrowing of the
visual field to 10 degrees or
less). Although we talk about
blindness, it is extremely rare for
an individual to have absolutely
no vision light perception and
the majority of individuals with
vision loss are actually regarded
as "blind" by society in general.

Of course,being “blind” is a major
problem for the individuals suffering
from this condition. I am working
to generate photoreceptor cells
and RPE cells from embryonic
stem cells (ES cells) and to link
these developments to therapeutic
applications. Photoreceptor
cells, which are the therapeutic
target in retinitis pigmentosa,
are part of the nervous system
and so immune rejection is not
likely to occur. Treatment with
allografts using ES cells may
therefore be possible. However,
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as well as the photoreceptor
cells transplantation, we also
need to repair the precise
neural structures in the retina.
Significant technological advances
are therefore still necessary.

In contrast, treatment for the
RPE cells only involves RPE, but
unlike photoreceptor cells there
is a risk of immune rejection.
Therefore, we may not be able to
use this technique clinically until
the advent of cloned ES cells or
ES cell banks. The development of
iPS cells is a leap forward in the
treatment of age-related macular
degeneration caused by RPE
degeneration.

Developing techniques for
regenerative medicine

With severe age-related macular
degeneration, abnormal blood vessel
growth (neovascularization) occurs
such that RPE cells are displaced
and dies. If the condition progresses
until the photoreceptor cells that
work in tandem with RPE cells also
die, the patient's eyesight cannot be
restored. New treatment methods
have recently been developed,
including highly effective
therapeutic antibodies and a method
that involves laser irradiation while
injecting a photosensitive substance
(photodynamic therapy; PDT),
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but these methods only eliminate
the neovascularization and do
not treat the damaged RPE cells.
There is also a trial of autograft
method where healthy portions
of the RPE are transplanted to the
diseased site, but around 40% of
patients undergoing this procedure
experience serious side effects so an
alternative treatment method still
needs to be developed.

Regenerative medicine could play
a role here. The diseased site in age-
related macular degeneration is an
area around 2mm in diameter in
the central part of the retina, so
the ideal treatment method would
be to transplant RPE cells from
an external source into this small
region.

Through our repeated research
efforts, 4 years ago we, with
collaboration with Dr. Sasai’s group,
managed to generate a sheet of RPE
cells in a dish from monkey ES cells.
In terms of quality the sheet was no
different to RPE cells in vivo, while
in terms of quantity we developed
enough of the cell sheet for its
therapeutic use. We transplanted
this RPE derived from monkey ES
cell into rats with RPE disorders
and observed a marked therapeutic
effect. It has already confirmed that
iPS cells, like ES cells, can generate
RPE cells. Moving forward, we will
continue our research using human

iPS cells for therapeutic purposes.

Numerous problems remain
before we can use iPS cells for
clinical applications. Undoubtedly,
iPS cells are a fantastic
development of great interest to
scientists. However, in terms of
cell transplatation iPS cells do
not provide patients with any
advantages over ES cells, beyond
the fact that immunosuppressant
drugs are not necessary and that
another individual does not have
to be sacrificed. The use of iPS cells
does not mean that the patient's
eyesight will improve more or
that techniques for regenerative
medicine will be developed earlier.
If treatment cannot be achieved
with ES cells, it cannot be achieved
with iPS cells either.

As already discussed, iPS cells
will enable the development of
effective treatment methods for
specific diseases such as age-related
macular degeneration and will play
a major role in elucidating the cause
of diseases. Moreover, iPS cells
will probably become useful tools
for investigating which drugs are
effective in which individuals.

That said, I would like patients
to be treated in outpatient clinics
using treatment strategies possible
today without raising excessive
expectations for regenerative
medicine. For example, research

Pfizer Ophthalmics
Award Japan

on photoreceptor regeneration is
currently at the stage where the
goal is for patients to be able to
perceive light in 10 years' time.
Today, the most effective action
for retinitis pigmentosa is to use
residual function maximally
through low vision care. If we are
blinded by our expectations for
regenerative medicine, it will only
lead to patients and healthcare
professionals abandoning such
rehabilitative practices.

We are making every effort to
develop methods using iPS cells
to make regenerative medicine
a reality. As well as encouraging
these efforts, I would like patients
and healthcare professionals alike
to identify what current methods
really do work.
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Endoderm and pancreas developmental
biology: key to future stem cell-based

cell therapy in diabetes
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Differentiation of j cells

from stem cells

Within the pancreas are
groups of cells called the islets
of Langerhans, most of which are
B cells that detect the amount of
glucose in the blood and release
the correct amount of insulin
in response. Type I diabetes
mellitus is an autoimmune
disease in which islet B cells are
destroyed by the immune system.
Transplantation therapy is now
used to restore 8 cells in patients
with type I diabetes, through
islet cell transplantation and
pancreas transplantation, but
posttransplant rejection and a
chronic lack of donors pose major
hurdles. There are also problems
with maintaining B cell function.
Undoubtedly the most practical
way to overcome these difficulties
would be to differentiate
pluripotent stem cells into B cells
in vitro, encourage the cells to
proliferate, and then use them in
transplantation therapy.

Much research is now
being conducted in the areas
of pancreatic morphology,
regeneration, and differentiation,
using mouse models of diabetes
to reach a basic understanding
of the causes of diabetes, and to
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provide regenerative therapy.
In order to generate new f cells
from ES cells and iPS cells, it is
necessary to proceed through
multi-step differentiation:
endoderm to pancreas progenitor
cells to endocrine progenitor
cells to B cells. There are many
reports on the transcription
factors related to each step, but
little is currently known about
the regulation of transcription
factor expression, and our lack
of knowledge is particularly
pronounced in the area regarding
the differentiation of pancreas
progenitor cells into B cells.

Thus, in order to reconstruct
B cells, it is necessary to
reproduce the signals that
mediate 3D cellular interactions.
We are currently focusing on
pancreatic tubulogenesis, because
the endocrine progenitors
differentiate within tubules.
Epithelial cell polarization is
a deciding factor in tubule
formation, and members of the
Rho GTPase family play crucial
roles in inducing and maintaining
this polarization. We plan to
further investigate the role of
Rho GTPases in tubulogenesis and
B cell differentiation.

Applications of iPS cells in

studies of diabetes

Our lab is conducting two
research projects using ES
cells. One involves working
with industry to provide
clinical-grade and clinical-
scale up cell systems, and the
other focuses on elucidating
the mechanism of B cell
differentiation. In order to
induce ES cells to become B
cells, further understanding
of the underlying mechanisms
of B cell differentiation is
required. Such knowledge can
then be translated to the ES/iPS
cell systems.

For example, retinoic acid
(RA) and FGF4 reciprocally
instruct anterior-posterior
patterning of the primitive
gut endoderm. In addition, RA
is required for formation of
multipotent posterior foregut
pancreatic endoderm. We plan
to study the role of FGF4 and
RA in directing differentiation
of hES/iPS cells into pancreatic
B cell progenitors.

Applications of iPS cells are
apparent in studies of both
the etiology and treatment
of diabetes. Derivation of iPS
cells from patients carrying
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genetic forms of diabetes will
allow mechanistic studies of B
cell destruction and dysfunction.
Moreover, correction of disease-
causing mutations may provide
new avenues for the use of iPS
cells in gene therapy of diabetic

patients.
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Today was a very exciting day.
What I would particularly like to
stress is that the preparation and
management of this symposium
was superb. I am very grateful to
everybody involved. Now I would
like to mention the content that I
found especially interesting.

Professor Shinya Yamanaka
talked about his own pioneering
work in the context of the history
of stem cell research. After Sir
Martin Evans established mouse
ES cells in 1981, it was 17 years
before Professor James Thomson
(the University of Wisconsin, US)
established a human cell line.
However, it only took a year to
make the transition from mice to
humans with iPS cells. Professor
Yamanaka’s statement that the
17 years of ES cell research from
mice to humans was the platform
for iPS cell research is very
important.

There were several superb
examples of research demonstrating
the possibility of regenerative
medicine using human ES cells.
These include team-leader
Masayo Takahashi’s research into
regeneration of retinal pigment
epithelium cells and Professor
Henrik Semb’s research into
differentiation resulting in the B
cells that produce insulin. What
particularly impressed me was how
Prof. Hideyuki Okano regenerated
the central nervous system in
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primates, demonstrating that it
is possible to treat spinal cord
damage. Looking at these findings
made me think that in future,
human ES cells can be used for
regenerative medicine.

Human iPS cells offer the
possibility of remarkable
capabilities similar to human ES
cells. However, ES cells are natural
products from embryos whereas
iPS cells are artificially produced
in culture dishes. So we must have
a proper understanding of ES cells
and develop iPS cell technologies
while constantly comparing the
two.

Professor Rudolf Jaenisch showed
what can be achieved with iPS cells
now. Using Parkinson’s disease and
sickle cell anemia as examples,
he explained how understanding
the reprogramming mechanism of
differentiation will lead to cures.

There are several problems with
iPS cells, but the technical issues
can probably be solved in the near
future. Associate Professor Sheng
Ding presented methods of gene
transfer using chemicals instead
of retroviruses. On the other
hand, as Professor Peter Andrews
said, there is no end to the issues
in understanding the capabilities
of iPS cells, including the
differentiation mechanism and the
stability of epigenetic functions.
I believe that we will improve our
understanding by focusing like

Hans R. Scholer

Professor Ying Jin on one gene
like that known as Oct4, and by
using 3-dimensional cultures like
Prof. Joseph Itskovitz-Eldor.

I am sure that we will see many
more fascinating results in future.
I think it may be a while before
they actually start benefiting
patients, but I hope that we get to
that point as soon as possible.
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cells in comparison with pluripotential
cell populations of the early embryo

Sir Martin Evans

Director of the School of Biosciences and Professor of Mammalian Genetics Cardiff University /

- Transcriptional profiling of mouse ES

UK (Wales)

2007 Nobel Prize Laureates in Physiology or Medicine

The history of pluripotent

stem cell research

Life arises from a single
fertilized egg, and through many
small changes, it differentiates
into the cells of a range of
tissues. If we go backwards in
this process of differentiation,
we should end up at a cell with
pluripotency from which all cells
originate.

When I started my research
in this field, I was preceded
by Leroy Stevens and Barry
Pierce. In a mouse line, Stevens
discovered special cells called
embryonic carcinoma cells
(EC cells) that cause teratomas
in the testis which include a
range of tissues such as skin,
bone and nerves. Pierce noticed
that the cells that formed this
‘malignancy’ were not themselves
malignant, and he discovered
that normally differentiated
cells arose from the EC cells.
These EC cells were endowed
with pluripotency and they had
the characteristic of unlimited
growth.

I took over the mice from
Stevens, and tried implanting
these EC cells into other early
mouse embryos. The result was
a ‘chimera mouse’ that had both
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the EC cell-derived tissue and the
embryonic tissue.

Then when I grew EC cells
in a culture dish, an ‘embryoid
body’ resulted, an agglomeration
of cells that reproduced the
state of the teratoma. When I
observed this structure, I found
that the various differentiated
cells did not arise randomly,
and they went through a normal
embryonic development process.
Believing that similar cells
no doubt existed in normal
organisms, I worked with Matt
Kaufman to devise various
culture conditions, and we
succeeded in propagating cells
taken from the inner cell mass
(ICM) of the embryo (blastocyst)
5 days after fertilization.

These cells, similarly to EC
cells, formed teratomas when
injected into mice. Furthermore,
they differentiated into various
cells even in the culture dish.
This is the way that naturally
occurring embryonic stem cell
(ES cells) with pluripotency were
discovered. Our recent research
suggests that ES cells reflect the
natural state of ICM cells.

A chimera mouse can also be
made from ES cells. If the genes
of the ES cells are altered first, it
is possible to study the effects on
the mouse of the altered genes.

S

This method was established
by Oliver Smithies and Mario
Capecchi. By these means, it
has become possible to make
a range of mouse models for
human disease, and by providing
the appropriate stimulus in
the culture dish, we can now
differentiate ES cells for use in
experiments.

The significance of iPS cells

In the past it was thought to
be impossible for cells that have
differentiated from early embryos
to regain their pluripotency (to
be reprogrammed). However,
Professor Yamanaka worked out
a method of reprogramming
differentiation using the culture
conditions for pluripotent cells
and detection methods fostered
through the past ES cell research
of many scientists. The result was
iPS cells.

Up to now, it was known that
by using the capabilities of the
early embryo, it was possible
to reprogram cells that have
undergone differentiation.
However, Professor Yamanaka
produced iPS cells using only
transcription factors. These
transcription factors were the
trigger for extremely complex



uorjeInpy

juswjuroddy yoieasay

Profile

reprogramming processes. And
so iPS cells brought revolutionary
change to the methods of
obtaining pluripotent stem cells.
iPS cells offer a range of
possibilities. For example, we
have not so far succeeded in
producing rat ES cells which have
great significance in disease
research. However, we will be
able to make pluripotent cells in
these animals using the iPS cell
approach.
iPS cells also offer tremendous
possibilities in the treatment of
disease itself. Research into cell
therapy using pluripotent cells
is proceeding steadily, but how
to obtain the cells for treating
individual patients has been a
fundamental question. iPS cells
present a fresh possible answer
to this problem.

But problems still remain.
There is the issue of time and
cost in using patients’ own cells
to make iPS cells for treatments.
For example, starting to make
the cells to treat a patient with
myocardial infarction once the
infarction has occurred will be
too late, while making iPS cells
for each individual patient will
cost too much.

However, iPS cells also
present the direction for an
answer to this problem. It is not
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necessary to reprogram them to
the pluripotent cell stage, and
if they can be returned to the
progenitor cell stage for making
the required tissue, they can
be applied in treatment. This is
one means of overcoming the
problems of time and cost.
Another is keeping a stock
of cells compatible with the
patient’s immunological type in
a ‘cell bank’. If iPS cells are used
in the cell banks that have been
considered for ES cells, they can
be established more efficiently.
In order to realize regenerative
medicine using these approaches,
much basic biological research is
still required. In the process of
differentiating cells from embryos,
the environment surrounding
the cell - its niche - controls the
fate of the cell. We must further
improve our approach in creating
these niches artificially to
produce the cells that we aim for.
Medical applications await us at
the end of this steady research.
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Tasuku Honjo

The Government’'s Policy in Support of iPS Cells

By producing iPS cells,
Professor Shinya Yamanaka has
given hope to many people. In
Japan there are 200,000 people
with visual disabilities, 100,000
with spinal cord damage,
2,280,000 with diabetes, and
260,000 with chronic renal
failure, and so many people
are looking forward to the
development of cures. The
annual medical costs resulting
from diabetes amount to ¥1.15
trillion, while costs relating
to renal failure, for artificial
dialysis for example, amount
to ¥1.3 trillion. Therefore, the
Japanese Government intends to
focus particularly on supporting
iPS cell research. Japan’s
budget for life science is ¥330
billion. The issue here is how to
invigorate research into iPS cells.

Immediately following the
announcement concerning
fabrication of human iPS cells
on November 21, 2007, Prime
Minister Yasuo Fukuda ordered
the Council for Science and
Technology Policy (CSTP)
to prepare prompt support
measures. In response, CSTP
held the 1st meeting of the
iPS Working Group (iPSWG) on
January 10, 2008, announcing
near-term guidelines on February
26. The 1st Summary Report is
scheduled in June.

The matters considered
by the iPSWG consisted
principally of the direction of
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iPS cell research, establishing
a nationwide cooperative
structure, roles of governmental
assistance, strategies concerning
intellectual property,
establishing clinical research
guidelines, initiatives towards
promoting industrialization,
and international cooperation.
Here I will explain some of these
matters.

Concerning the direction
of research, since reinforcing
basic research is the shortest
route to applications, we intend
to apply the knowledge gained
from ES cells to the maximum
in further basic research. In
applied research, we aim to
realize regenerative medicine.
We will create safer iPS cells
and consider which diseases
will respond best. We will also
conduct drug discovery research
and develop a range of research-
related equipment. However,
there are several issues in the
way of achieving practical
applications, including preparing
a roadmap towards clinical
application, securing human
iPS cell resources, managing
personal data when distributing
cells, confirming the variations
in each cell line, and ensuring
safety.

In developing a nationwide
cooperative structure, we
have already established the
Center for iPS Cell Research and
Application at Kyoto University

as part of an initiative to set
up four centers. We are also
considering establishing a
cooperative structure involving
universities, corporations, and
research institutions.

National assistance for iPS
cells totals ¥4 billion for fiscal
2008. Three billion yen is from
the Ministry of Education,
Culture, Sports, Science and
Technology, two hundred million
yen is from the Ministry of
Health, Labor and Welfare, and
eight hundred million yen is from
the Ministry of Economy, Trade
and Industry. There is additional
strategic research funding from
JST, the Japan Society for the
Promotion of Science and other
organizations.

Strategic management of
intellectual property is also
important. With a comprehensive
research organization, we aim
to manage licensing of core
intellectual property centrally, to
achieve strategic implementation.
Looking to the future, we
will consolidate our system
for supporting international
applications for excellent patents
such as iPS cells.

We will consider how the
structure of international
cooperation should be, in
reference to the panel discussion
that closes today’s session.
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Expanding clinical applications for
purified hematopoietic stem cells

I'will start by discussing hematopoietic
stem cells (HSCs), an area where I have
considerable experience.

We used a quantitative clonal assay
and sorting method to purify and
isolate mouse HSCs in the 1980s and
human HSCs in 1992. Purified HSCs
are extremely valuable for clinical
applications. When transplanting donor
HSCs into patients with genetic blood
disorders such as thalassemia, there
is no risk of graft-versus-host disease
(GVHD) if purified HSCs are used, as
they do not include T cells. Moreover,
no immune rejection occurs if donor
HSCs are transplanted first and then
tissues or organs from the same donor
are subsequently transplanted. This was
demonstrated in mice and the technique
was first applied clinically at Stanford
University. HSC transplantation to treat
autoimmune disorders is an even more
important application with the potential
for wide-ranging use. Type I diabetes
is an autoimmune disease caused
by self-reactive T cells recognizing
pancreatic cell antigens as foreign. We
transplanted purified donor HSCs into
mice and demonstrated a sustained
cure for the autoimmune phase. It is
possible to cure a mouse with type I
diabetes by first transplanting HSCs
to treat the immune phase and then
to transplant islet cells from the same
donor to treat the diabetes. We also
experimented with lupus erythematosus
and multiple sclerosis and confirmed
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that HSC transplantation curbs disease
progression. At SyStemix Inc., of which I
am one of the cofounders, we used self-
HSCs from which cancerous cells had
been eliminated to treat 70 patients
with stage 4 breast cancer and patients
with difficult-to-treat lymphoma or
multiple myeloma. The breast cancer
patients in particular showed a marked
improvement. If we can generate HSCs
of iPS cell origin, they should prove as
useful as HSCs from the actual patient.
Generating HSCs by culturing from
embryonic stem cells is a relatively
simple procedure these days, but to
achieve good graft homing into the adult
tissues requires transplantation from a
more mature stage than the embryo. I
am confident that scientific research will
uncover sooner or later why this is the
case and how we can overcome it.

Molecular factors causing leukemia

Next I will talk about the overall
hematopoietic system and leukemia,
which is cancer of the hematopoietic
system. Long-term (LT) HSCs are capable
of both pluripotency and self-renewal
and, although multipotent progenitors
(MPPs) generated from LT-HSCs are
capable of pluripotency, they only
have a limited self-renewal function.
Furthermore, differentiated cells from
myelocytic or lymphocytic lines are
not capable of self-renewal. Therefore,
the hematopoietic system depends
on the number of LT-HSCs that can
maintain their self-renewal function
throughout the life of the host. HSCs

are equipped with a robust self-renewal
capability, but they are also dangerous
cells as the loss of regulatory controls
over the self-renewal function results
in cancer. HSCs are formed at the late
stages of embryogenesis and then exist
throughout life as groups of HSC clones;
each clone can undergo programmed
epigenetic changes, random genetic or
epigenetic changes, and as a result can
be selected to increase or decrease their
clone size by the microenvironment.

In man and in mouse, HSCs make
large volumes of diverse myelocytic cells
and lymphocytic cells in the young, but
as the body ages the lymphocytic lines
become more difficult to make, although
there is no change in the production of
myelocytic lines. We co-transplanted
aging HSCs and young HSCs into young
mice, the aging HSCs produced 10 times
as many HSCs, but the number of young
HSCs were regulated. In these mice
the old HSCs made few lymphocytes,
while the young HSCs made many .
This phenomenon is thought to be
programmed at the HSC developmental
stage. Research into transcription
factors using microarrays showed that
old HSCs overexpressed genes that are
associated with fate commitments in
the myelocyte lineage, but compared
to young HSCs, underexpressed genes
active in fate decisions to produce
lymphocytes. The genes most commonly
overexpressed in old HSCs in the
myeloid fate pathways include 17 (of
the top 32) where a translocation or a
mutation can participate in the cause
of myelogenous leukemia in man. We
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speculate that translocations mainly
occur at highly transcribed loci,
and so the overexpression of these
protooncogenes in older HSC may be a
risk factor for leukemia development.
HSC division is quite infrequent, at 1.5%
per day, and the cells spend a long time
at the GO phase of the cell cycle between
divisions. A popular hypothesis of aging
is that cells accumulate DNA damage.
Since only HSC clones remain for life
in myelopoiesis, it was reasonable to
examine the possible accumulation of
DNA damage as the HSCs age. Indeed,
on average freshly isolated old HSC had
evidence of several damage foci per cell,
while young HSC had one or none. It is
conceivable that the conjunction of DNA
damage accumulation and of coexpressed
protooncogenes increases the chance of
protooncogenic translocations. In acute
myelogenous leukemia (AML), there is
a translocation involving chromosomes
8 and 21 that produces a fusion gene
AML1/ETO. Toshi Miyamoto, Koichi
Akashi and i discovered leukemia
stem cells (LSCs) in AML are in the cell
populations that include HSC and MPP.
We investigated whether the LSCs were
present in the HSC pool or the MPP
pool and demonstrated that all of the
LSCs were at the MPP stage. However,
the most important finding we made
was that in the same patients the
AMLI/ETO translocation was resident
in a subset of HSC, yet these HSC were
not leukemic, but likely represent the
pool of self-renewing preleukemic
cells, from which LSC emerge at the
MPP stage. In that view, an individual

1986-2001 Chairman, Stanford University Immunology

2003-present Director, Institute of Cancer/Stem Cell Biology and Medicine

2004-present  Professor, Division of Neurosurgery, Department of Medicine,
Stanford University Medical Center (by courtesy)

2005-present  Director, Comprehensive Cancer Center
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must be AML1/ETO+ for leukemia to
occur, but this in itself may not be
enough. We therefore generated an AML
mouse model for further research. Our
work produced a number of findings:
expression of BCL2 in granulocyte/
macrophage progenitor cells causes
chronic myelomonocytic leukemia,
but the myeloid progenitors are still
susceptible to Fas receptor mediated
death. Crossing bcl2 transgenics onto
a mutant Fas background led to mice
that progressed to acute myelogenous
leukemia. In these mice LSCs are not
observed at the HSC or blast cell stages,
LSCs are observed at the granulocyte/
macrophage stages, and LSCs activate
the B -catenin pathway. The leukemia
marker CD47 is overexpressed in mouse
AML myelocytes. The expression of
CD47 in leukemia cells signals to Sirp B
receptor macrophages a "don't eat me"
signal. In normal karyotype AML in man,
high CD47 expression in the leukemias is
associated with a poor prognosis, while
low expression is associated with a good
prognosis. With chronic myelogenous
leukemia (CML), however, there is a
translocation involving chromosomes
9 and 22 that results in the fusion gene
BCR/ABL producing -chimera protein.
This an essential gene for the leukemia.
LSC self-renewal plays a role when the
CML progresses to the myeloid blastic
phase. We found LSCs in cases of myeloid
blast crisis CML as well; they are at
the stage of granulocyte-macrophage
progenitors [GMP]. With normal mouse
HSCs, the B -catenin signaling pathway
is involved in the self-renewal process,
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2006  John Scott Award, City of Philadelphia,
Philadelphia, Pennsylvania

2007 Honorary Doctorate, Mount Sanai School
of Medicine, New York City, New York

2008 Robert Koch Prize

and when we stained normal human
HSC, they contained activated B -catenin
in the nucleus, whereas normal GMP
do not. In myeloid blast crisis CML we
found that B -catenin activation results
in activation of self-renewal by GMPs
and these leukemic GMP self-
renew in vitro and are leukemogenic
in vivo in immunodeficient mice.
Transduction of myeloid blast crisis
GMP with the gene encoding axin, an
inhibitor of the wnt pathway, blocks
their replating in vitro. §-catenin is seen
in particularly large amounts in the LSC
of patients resistant to the molecular-
targeted agent imatinib that inhibits the
tyrosine kinase activity of the BCR/ABL
protein. I look forward to the day when
we understand all the DNA sequences,
RNA splice forms, mutations, and
translocations in a type of LSC (AML or
myeloid blast crisis CML), because those
genetic and epigenetic changes that are
essential for leukemia to emerge, but
on their own are insufficient, should be
present in HSC clones in the patient..
Deep study of HSC clones and LSC from
each patient may reveal the type of
protooncogenic events that occur, and
perhaps show if there is a required order
of their acquisition in the clone. Cancer
therapies today target the cancer cells.
Such treatment can cause the cancer to
regress temporarily but it will start to
grow again if it does not also eliminate
cancer stem cells. If treatment can target
cancer stem cells, it should provide a
chances for a cure for the cancer.
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Induction of pluripotency in somatic

and germline cells

Hans Robert Scholer

Director of the Max Planck Insititute for Molecular Biomedicine

Producing iPS cells from

neural stem cells

I will discuss two types of
pluripotent stem cells: those
originating from somatic cells
(iPS cells) and those originating
from germline cells (gPS cells).

Cells in the inner cell
mass (ICM) of the embryo
are pluripotent, having the
capability to differentiate into
any cell form. The cells later lose
that capability for differentiation
as they form the various types of
cells that make up the body. We
have been successful in creating
pluripotent cells out of cells
obtained from the ICM.

I will start my discussion
by describing our work with
iPS cells. There are a number
of test methods available for
determining whether cells have
acquired pluripotency. Of those,
the most thorough is termed
"tetraploid aggregation". With
this method, multiple embryos
are fused into a tetraploid,
and are then aggregated with
candidate pluripotent cells. After
these aggregated embryos have
grown to the blastocyst stage
and are returned to a mouse
womb, if the candidate cells are
pluripotent, a mouse can be born
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that was formed just from those
cells.

As you know, animals are born
from germline cells, and those
animals in turn give rise to more
germline cells. This method of
continued genetic transmission
is characteristic of living
things. Tetraploid aggregation
introduces pluripotent cells into
this sequence.

Professor Yamanaka has
made it possible for cells to
deviate from this sequence,
by introducing a transcription
factor cocktail that causes
somatic cells, which would
be expected to move toward
differentiation, to instead
acrobatically return to the
germline. This is the significance
of iPS cells. However, not all of
the somatic cells injected with
this cocktail become iPS cells,
and the method is also quite
time-consuming. My colleagues
and I thought that there must
be a simpler way to produce iPS
cells.

First we removed neural stem
cells from the brains of mice.
When we compared the amount
of expression of the four factors
in the "Yamanaka cocktail” in
these cells to that for ES cells, we
found that the levels of Sox2 and
c-Myc expression were higher

in the murine neural stem cells,
and the levels of Oct4 and Kl1f4
were much lower.

We introduced a variety of
genes into these neural stem
cells. Our findings showed that
iPS cells were obtained on day
14 after the introduction of Oct4
and K1f4. When we investigated
such factors as the genetic
profile of the iPS cells that were
derived from neural stem cells
through the introduction of these
two factors, and compared those
findings to iPS cells derived from
neural stem cells introduced to
the Yamanaka cocktail, we found
the characteristics of these two
cell groups to be nearly identical.
When we used tetraploid
aggregation and tested iPS cells
with these two factors, fetuses
resulted. This proved that the iPS
cells achieved germline

Producing gPS cells from

germline cells

Next I would like to discuss
germline pluripotent stem
cells. Four years ago, Professor
Takashi Shinohara of Kyoto
University made an important
announcement. Up to that
point, there had been reports
that pluripotent stem cells (EG
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cells) could be produced from
primordial germ cells (PGC),
which are in the early stage
of differentiation. However,
Professor Shinohara succeeded in
obtaining germline stem cells (GS
cells) from cells obtained from
the testes (spermatogonial stem
cells), which would be expected
to have progressed considerably
in differentiation. However,
these cells could only be derived
from the testes of newborn mice
(transient). We decided to pursue
this line of research further,
to see if we could produce
culturable gPS cells — “germline-
derived pluripotent stem cells" —
from the testes of adult mice.

Under the technology
developed by Professor
Shinohara, a very small
quantity of cells is removed
from the testes, and Oct46FP
was introduced to visualize
gPS cells for induction. The
GS cells were quite different in
appearance from the ES cells, and
proliferated much like a bunch
of grapes. In contrast, the gPS
cells appeared to have properties
more similar to ES cells than to
the iPS cells that were created by
introducing either 4 factors or 2
factors as described above.

We performed cloning from
these GS cells, and created
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gPS cell lines that could be
passaged. These gPS cells have
characteristics that are closer
to ES cells than to GS cells.
Functionally, these gPS cells
use germline transmission to
transfer genetic material to the
next generation, confirming
that they have the capability to
differentiate. The advantage of
applying this method to humans
is that pluripotent cells can be
obtained using extremely small
biopsy specimens from the testes.

However, there are some
points of difficulty at present.
There was strong epigenetic
imprinting from the paternal cell
source, and the fetuses derived
from those gPS cells were unable
to form organs and died during
development.

At present we are using
gPS cells to create myocardial
cells and glial precursor cells
that have good functionality.
The myocardial cells have
been confirmed to pulsate
in synchronization. The
glial precursor cells form
oligodendrocytes and astrocytes,
and have been confirmed to
provide therapeutic effects in
rats.

Finally, I would like to
introduce our efforts regarding
the question of what kind of
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Since July 2005 Representative Member

in the "Zentrale Ethik-Kommission fir
Stammzellenforschung (ZES)"

(central ethics committee for stem cell research)

workflow might be used to
produce iPS cells and gPS cells.
A comparison of genetic profiles
shows that, when GS cells change
into gPS cells, their properties
change to become more like
those of ES cells. A comparison
of epigenetic status shows that
GS cells have a strong tendency
toward methylation, but as the
number of passages increases
and the cells become pGS cells,
this methylation weakens. We
thus hypothesize that, similar
to yesterday's presentation by
Professor Jaenisch, epigenetic
reprogramming of GS cells to gPS
cells will follow in the wake of
stochastic changes.

In the same way that tumors
develop, a number of steps are
required before a cell acquires
pluripotency. It is possible
that some of those steps can be
achieved by implementing very
small changes, such as changing
the culturing conditions or
forcing the expression of Oct4.
Cell differentiation is clearly not
such a unidirectional process as
we had thought.
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1PS Cells and

the Epigenetic Landscape

Alan Colman

Executive Director, Singapore Stem Cell Consortium

Stem cell research in
Singapore

I will talk about the state
of stem cell research in
Singapore. I began research into
reprogramming of cells in 1971
under Professor J. Gurdon of
Cambridge University, a pioneer
in nuclear transplantation.
From 2002, I have continued my
research at the headquarters of
ES Cell International in Singapore.
The mission of the company is
to develop the means of treating
diabetes and ischemic heart
disease using ES cells. Although
Singapore is a small country, it
boasts one the highest levels of
GDP in the world, and medicine
and life sciences are expected
to become sources of national
wealth. In particular, the clinical
application of stem cells is a
major goal, and there is abundant
funding for research.

Singapore first succeeded in
establishing hES lines in 1994.
Of the 21 hES cells currently
registered at NIH, six were
established in Singapore. Recently
a huge research complex, Biopolis,
was constructed in the center
of Singapore. It comprises seven
research laboratories, and it is
the focus of major investment.
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From last year, I have worked
as the Executive Director of the
Singapore Stem Cell Consortium
(SSCC) located there, and I
have been conducting stem cell
research at the Institute of Medical
Biology under the auspices of the
Agency for Science, Technology
and Research (A*STAR). SSCC was
established by A*STAR in 2005 to
coordinate stem cell research by
allocating funds for competitive
research. Clinical facilities are
scheduled to be established in
2009 and an international PhD
course named SINGA is also
planned, hoping to attract high
level personnel from around the
world, including Japan.

Now I would like to talk abut
two or three research projects that
are underway in Singapore. One is
the research by S.-K. Lim et al to
produce mesenchymal stem cells
(MSCs) from hES cells, then using
an hMSC conditioned medium to
improve myocardial infarction in
pigs. After inducing ischemia of
the pig heart for 75 minutes, an
MSC medium was injected into
the site of infarction. The size
of myocardial infarct decreased
by 60%, with regeneration of
the cells and recovery of the
heart function. This mechanism
suppresses oxidation stress, and as
a result of the reduced apoptosis,

a significant antiinfarction effect
appears to have been obtained.
The researchers plan to examine
the longer-term effects.

Next, research into the
epigenetic memory. The
pluripotency of ES cells is
mediated by genetic factors and
their chromatin structure, and
we know that exit from the self-
renewing state occurs due to
epigenetic changes resulting from
chromatin modifications such as
dimethylation or tirmethylation
of histone. H.-H. Ng et al
demonstrated that the H3K9Me2/
Me3 demethylase gene is mediated
by Oct4.

The research findings
concerning the role of KIf have
also been the focus of attention. Of
the four types of reprogramming
transcription factors, K1f4 is
dispensable for maintaining the
self-regeneration and pluripotency
of ES cells, and if KIF2, K1f4,
and KIf5 are simultaneously
depleted, differentiation of the
ES cells is induced. As a result of
chromatin immunoprecipitation
and microarray assay, it was
determined that these KIf proteins
have a functional relationship
with Nanog. KIf is thought to
have the ability to regulate genes,
which is the key to inducing
pluripotency as Nanog does.
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iPS cells overturn

the Waddington Model

Reprogramming research began
in 1962 when Professor Gurdon
obtained 19 clones by transferring
the somatic nuclei of frogs to
enucleated eggs. Tadpoles were
produced in these experiments
but they did not mature into
frogs. Cloning of mammals can be
said to have reached its apex with
the birth of Dolly the sheep in
1996. The researchers succeeded
in obtaining an adult animal
capable of reproduction using
a mammary cell nucleus. The
motivation for cloning a sheep was
to produce milk and protein from
a transgenic sheep and this is why
mammary cells were used. Several
subsequent studies suggested
that it was possible to change the
destiny of somatic cells under
certain conditions.

The Waddington Model
announced in 1957, which explains
differentiation through hills and
slopes, is known to many. It shows
that differentiation is like a ball,
the ES cell, rolling downhill, and
the kind of cell it differentiates
into depends on the path it follows.
Although it is an irreversible
phenomenon, whichever route
it takes it is the same. However,

1971 B.A., Biochemistry in Oxford University
1974 Ph.D., Laboratory of Molecular Biology in Cambridge

Academic appointments in Oxford University and

Professor, Biochemistry in the University of Birmingham

1987-2002 Research Director, PPL Therapeutics in Edinburgh, UK
2002-2005 Chief Scientific Officer, ES Cell International
(the Singapore-based company)

2005-2007 Chief Executive Officer, ES Cell International

Professor Yamanaka’s research has
reversed the force of gravity. In
that sense, it is a groundbreaking
achievement that even Newton
could not attain. It seems that we
must consider a new topology.

Professor Jaenisch suggests
that we may be able to realize
reprogramming by reducing rather
than adding transcription factors.
In addition, T. Graf has shown that
it is possible to move from one
differentiation state to another
with the overexpression of specific
transcription factors. Although it
has not been published, D. Melton
reports that mouse cells can be
converted to B-like cells with
three new transcription factors. In
other words, there are possibilities
for transition to all sorts of
differentiation states depending
on the transcription factors. We
may even find the controlling
factors for differentiation.

In Singapore, research into
iPS cells can be expected to
pick up speed in future, and
already two research groups
have been established. There
is particularly strong interest
in applications in clinical
practice and drug discovery.
Forcible reprogramming by
transcription factors is a really
simple mechanism, so it may
occur naturally in the body.

There is a great deal of interest
in this. This may contribute to
regeneration, and it may also
be related to disease. We must
therefore develop an even deeper
understanding of the plasticity of
living things.
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Generation and characterization of
1PS cell lines from rat neural precursors

and fibroblast cells.

Kwang-Soo Kim

Director and Professor, CHA Stem Cell Institute / The Pochon CHA University

Korea

Associate Professor, Harvard Medical School

Developing regenerative
medicine techniques for

Parkinson's disease

Development proceeds from
the early embryo and, once the
midbrain forms, dopaminergic
neurons are generated in the
area called the substantia nigra.
Parkinson's disease is caused
by degeneration of the A9
dopaminergic neurons. A number
of drugs are currently under
development for Parkinson's
disease. However, these drugs
produce strong side effects
and only provide symptomatic
treatment and no drugs can delay
disease progression.

If we are to research
Parkinson's disease further and
identify new drugs and treatment
methods, we must generate
dopaminergic neurons and gain an
understanding of the mechanism
behind their degeneration. We
already know that Parkinson's
disease is caused by the loss
of dopaminergic neurons, so
if we can generate functional
dopaminergic neurons from iPS
cells and use these to supplement
the diseased area, we may open
up a new avenue for treatment.

We are using a method to
generate neurons from embryonic

Report

stem cells (ES cells) that was
developed by Dr. Ron D. McKay
and his colleagues at NIH. With
this method, ES cells are made to
produce embryoid bodies and the
neural precursor cells generated
by the embryoids are induced to
become dopaminergic neurons. At
this point, stem cells genetically
modified to overexpress key
transcription factors are able
to generate more dopaminergic
neurons. Dopaminergic neurons
produced in this way have been
shown to produce a therapeutic
effect in mouse and rat disease
models.

However, cell therapy
experiments have shown that
such dopaminergic neurons can
sometimes form tumors. We
therefore compared neural stem
cells originating from ES cells and
neural stem cells sampled from the
developing midbrain. Compared
with the cells of brain origin,
the neural stem cells of ES cell
origin multiply dramatically.
Moreover, the neural stem cells
of brain origin lose their ability
to differentiate after around 4
weeks, while the cells of ES cell
origin maintain their ability to
differentiate for a fairly long
period. In addition, we and others
have shown that tumor formation
can be avoided if the cell therapy

uses only neural stem cells that
have been purified by removing
any undifferentiated cells using
fluorescence-activated cell
sorting (FACS).

Developing cell therapies
using autografts

As shown by these experiments,
when ES cells are used in cell
therapy, there is a trade-off
between the upside of having a
limitless supply of cells versus the
downsides of immune rejection
and the risk of tumorigenesis.
Somatic stem cells are not
associated with tumorigenesis or
immune rejection, but only have a
limited differentiation potential.
Researchers have therefore
started to consider whether there
are other more appropriate cell
sources. Possible sources for use
in Parkinson's disease include
nuclear transfer embryonic stem
cells (ntES cells) and tissue-
specific or midbrain stem cells
from embryos.

We think, however, that the
ideal approach would be to use
autografts. We wondered whether
we could generate pluripotent
cells by transplanting nuclear
extracts from ES cells. We use
the rat in our experiments as
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it provides an ideal model for
disease research. However, rat
ES cells are not readily available.
We sampled cells from the rat
cortex, reprogrammed the cells
with extracts from mouse ES
cells, and attempted to generate
pluripotency. We successfully
generated pluripotent cells that
expressed Nanog, albeit at low
efficiencies, and were able to use
these cells to create cell clumps
that generated nerve cells. We
were then able to create neurons
and glial cells from these cell
clumps. However, these cells
showed limited differentiaion
potential. While we were trying
to further optimize this method,
Dr. Yamanaka announced the
development of the mouse iPS
cells.

We then attempted to generate
iPS cells from rat neural stem
cells. We introduced Nanog as
well as the four factors used by
Dr. Yamanaka and successfully
generated pluripotent cells. We
were also able to improve the
efficiency of pluripotent cell
generation through the combined
use of various ES cell extracts,
as suggested by the previous
experiments. We then used this
method to successfully generate
iPS cells from rat fibroblasts as
well.

1977 BS, Dept of Microbiology, Seoul National University, Korea

1983 Ph.D., Dept of Biological Science and Engineering,
Korea Advanced Institute of Science and Technology, Korea

1983-1988 Postdoctoral Associate, Department of Biology, M.L.T.

1989-1994  Assistant Professor, Dept. of Neurology and Neuroscience,
Cornell Univ. Medical College

1994-1998 Associate Professor, Dept. of Neurology University of Tennessee,
College of Medicine

1998-present  Associate Professor, Molecular Neurobiology Laboratory,
McLean Hospital/Harvard Medical School

2006-present  Professor and Director, Cha Stem Cell Institute, The Pochon CHA University

2006
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Today, we have developed five
iPS cell lines from rat neural stem
cells. These cells express ES cell
marker genes. When confirming
the cells' differentiation potential,
we saw that they are capable of
differentiating into all three germ
layer cells. In addition, we were
able to induce differentiation
into nerve cell lines, as well as
astrocytes and neurons. We have
recently managed to generate
teratomas and are in the process
of confirming their differentiation
profiles.

For some reason, it had not
previously been possible to
develop ES cell technology for
the rat despite it being a useful
laboratory animal. However, the
advent of iPS cells showed us the
way to generate pluripotent cells
even from the rat.

When the scandal over the
work by Dr. Hwang Woo-Suk
broke in South Korea, many South
Korean stem cell researchers sank
to the depths of despair. However,
a number of talented individuals,
including Dr. Shin-Ichi Nishikawa,
gave us the courage to carry on.
At that time, I agreed to take
on the role of Director of the
CHA Stem Cell Institute with a
personal objective of rebuilding
stem cell research in South Korea.

Today, much research is being

NARSAD Independent Award II

Lead Reviewer Award, Stem Cells

carried out on ES cells and iPS
cells and South Korea's stem
cell researchers have a new
lease of life. It is vital that iPS
cell research is carried out in a
collaborative, not competitive,
manner. My goal is to work
together with everyone to build
up research in this area for
ultimate clinical application of
this new biotechnology.
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Pluripotent Stem Cell Lines for

Biomedical Research, Drug

Discovery and Regenerative Medicine

Norio

Nakatsuji

Director, Institute for Integrated Cell-Material Sciences (iCeMS), Kyoto University /

Professor, Institute of Frontier Medical Sciences, Kyoto University

Disease model systems and
drug development research

based on human ES cells

We have been conducting
research in ES cells for some
time now. I want to take this
opportunity to describe the
generation of ES cells for potential
clinical applications, discuss
applications in drug development
research, and outline some ideas
for a cell bank collecting HLA
types.

Five years ago we established
the first strains of human ES cells
in Japan, provided these 3 lines
(KhES-1, KhES-2, K hES-3) to more
than 30 institutions in Japan,
and began to provide support for
research. We are still the only
facility succeeded in derivation of
ES cell lines in Japan.

What conditions are required to
generate ES cell lines for clinical
applications within the next few
years? One need is a cell culturing
system using defined culture
media, with no animal-derived
components. An international
cooperative project run by
Professor Peter Andrews is now
making progress in that area. The
project is now comparing 10 types
of defined media, and our group
participates in this research. In
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terms of research facilities, we
have established a cell processing
center for human ES cells at the
Kyoto University Institute of
Frontier Medical Sciences, and
set up a clean room in the center.
Cooperative measures are also
being pursued internationally
to prepare standard operating
procedures (SOPs), and we conduct
our research in line with those
standard procedures.

Why are human pluripotent
stem cells so effective in drug
development research? It is because
genetically modified stem cells
have virtually endless replication
capacity and the potential to
differentiate into a wide variety
of human cell types. In particular,
liver cells and cardiomyocytes
are vital in drug safety studies. In
Japan, a major project has been
underway for the last 4 years
to create cell models for human
diseases and cell systems that can
be used in safety studies.

Here we would like to
introduce a study of adverse drug
effects and safety tests using
cardiomyocytes derived from
ES cells. Drug companies are
currently conducting myocardial
toxicity testing with human ion
channel gene expression in animal
cells to see if new drug candidates
inhibit ion channel activity. We

have succeeded in encouraging
human ES cells to differentiate
into cardiomyocytes, and been
able to use those cells to detect
drug-induced QT prolongation. We
are conducting this research with
the start-up company ReproCELL
Inc., and are very close to practical
applications. Our cardiomyocyte
assay has detected QT prolongation
even for drugs that show no
prolongation under current
testing methods, and there have
been cases in which the converse
has also been true. Results from
our cardiomyocyte assay have
proven to be in good agreement
with findings from In vivo tests
in humans and dogs. This assay
will quickly contribute to greater
efficiency in safety studies for new
drug candidates.

ES cells will also play a vital
role in creating models of disease
and analyzing the mechanism of
diseases resulting from genetic
changes. We are progressing with
projects aimed at clarifying genetic
factors in the familial types of
amyotrophic lateral sclerosis
(ALS), Alzheimer's disease, and
Huntington's disease. The causative
genes for these conditions (normal
or spontaneous mutation) can
be expressed in ES cells, and
screening systems and methods for
analyzing the disease mechanism
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can be constructed. For example,
when a mutated presenilin 1 gene,
which can cause Alzheimer's
disease, is introduced into ES cells
and those cells are encouraged to
differentiate into nerve cells, the
nerve cells show a 2-fold increase
in the ratio of amyloid g 42/ 3 40.
This phenomenon, similar to
findings observed in Alzheimer's
patients, suggests that these cells
can be used to construct a useful
model of the disease.

Contributing to clinical

practice with cell banks

This brings us to HLA-
haplotype cell banking, which
may be the feasible option for
avoiding immunological rejection.
An obvious way to deal with
the immunological rejection is
production of patient-specific iPS
cells that have been reprogrammed
to ES-like cells. It is likely, however,
that this method will need too
much time and costs for each
patient. We have estimated that
an HLA cell bank containing 200
ES cell lines would cover 80% of
the Japanese population providing
beneficial HLA-type matching.
Furthermore, a smaller bank of
only 50 iPS cell lines derived from
well selected HLA-homozygous
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1991 Professor, National Institute of Genetics, Japan

1999 Professor, Institute for Frontier Medical Sciences, Kyoto University, Japan
2003 Director, Institute for Frontier Medical Sciences, Kyoto University (-2007)
2007 Founding Director and Professor, Institute for Integrated Cell-Material

1972 Bachelor of Science, Faculty of Science, Kyoto University
1977 Doctor of Science, Faculty of Science, Kyoto University
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donors could cover 90% of the
population with full matching of
the HLA-A, B and DR loci.

We are hopeful that in the
future clinical applications using
pluripotent stem cells will be
developed along these steady
steps. We have several successful
treatment examples of animal
models of disease. Establishing
systems based on the animal
component free and completely
defined media will enable us to
begin using the cells produced
in those systems, in conjunction
with immunosuppressants, to
treat spinal cord injuries and
conditions such as diabetes.
Next, because of the need to
reduce immunosuppressant use,
there will be a shift toward HLA
cell banks and new methods of
immunotorelance induction.
For iPS cells, it would be best to
produce with small molecules due
to safety and stability concerns.

However, the generation of
iPS cells for individual patients,
and the testing of those cells for
stability and safety, will be time-
consuming and costly. We think
that a very practical approach for
medical treatment is to ask HLA-
homozygous volunteers to donate
somatic cells for the creation of
HLA-haplotype iPS cell banks. If
such banks could be created by the

2004

Nikkei BP Technology Prize

2004

Kyoto Shinbun (Newspaper) Grand Prize

joint efforts of various countries,
the results would be extremely
useful worldwide.
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The Australian Stem Cell Centre

Stephen Livesey

Chief Executive Officer, Australian Stem Cell Centre

Status of stem cell research

in Australia

After I have introduced you to
the status of stem cell research
in Australia, I will discuss the
contents of research that we are
currently conducting, and also
give you an idea of how we can
contribute within the context
of the international system for
cooperation in iPS cell research.

The Australian Stem Cell Centre
(ASCC) was established in 2002,
with support from the Australian
federal government and the
state of Victoria, to serve as an
Australian Centre of Excellence for
stem cell research. The goal of the
ASCC is to deliver therapeutic and
commercial benefits from stem
cells and related technologies.
The ASCC thus plays a role in the
regulation, funding, and scientific
strength (through strengthening
research activity) of stem cell
research. Our job includes
promoting interdisciplinary and
international cooperation, and
building systems for cooperation
between industry and academia.
Numerous universities and
research laboratories have become
stakeholders in this process, and
have been joined recently by
pharmaceutical companies and

Report

venture capitalists.

ES cells and somatic (adult)
stem cells constitute the core
focus of research at ASCC. We are
putting particular emphasis on
haematology-related research for
future use in blood transfusion.

Australian legislation regarding
stem cell research has been
revised twice to date. In 2002,
legislation was passed permitting
new ES cell lines to be established
from embryos frozen prior to that
time. In 2006, the Lockhart Review
permitted therapeutic cloning
and allowed new cell lines to be
established from new ES cells and
somatic cells.

ASCC stem cell research

After I have introduced you to
the status of stem cell research
in Australia, I will discuss the
contents of research that we are
currently conducting, and also
give you an idea of how we can
contribute within the context
of the international system for
cooperation in iPS cell research.

The Australian Stem Cell Centre
(ASCC) was established in 2002,
with support from the Australian
federal government and the state of
Victoria, to serve as an Australian
Centre of Excellence for stem cell
research. The goal of the ASCC is to

deliver therapeutic and commercial
benefits from stem cells and related
technologies. The ASCC thus plays
a role in the regulation, funding,
and scientific strength (through
strengthening research activity) of
stem cell research. Our job includes
promoting interdisciplinary and
international cooperation, and
building systems for cooperation
between industry and academia.
Numerous universities and
research laboratories have become
stakeholders in this process, and
have been joined recently by
pharmaceutical companies and
venture capitalists.

At present the ASCC is reviewing
the characteristics of stem cells,
including iPS cells, from a variety
of directions with regard to the
elucidation of mechanisms in
the areas of genetic stability,
heterogeneity, transcriptome
sequencing, and directed
differentiation.

CD30 is considered to be a
surface antigen marker that
can be used to indicate the
genetic stability of pluripotent
cells. Human ES cells are highly
heterogenous, so when considering
future clinical applications of such
cells it will be necessary to have
access to technology that can use
this type of marker to measure the
status of cells within a cell culture.
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We have used the GCTM-2
and CD9 markers as indicators
to successfully separate and
classify an ES cell population
into multiple subpopulations. By
using microarrays to measure
each of these populations, we are
able to divide the populations
into cell populations showing
advanced differentiation and
undifferentiated cell populations
that still retain pluripotency. We
have also discovered new markers.
By using such markers as a "genetic
signature", we can assess and
differentiate stem cell status.

Feeder cells are also needed to
support the proliferation of stem
cells in the culture medium. We
are applying cytobiologic and
bioinformatic methodologies to
study feeder cell secretory factor
and cell surface molecules, in
order to analyze the mechanisms
by which the feeder cells provide
support for the stem cells. Our
results are gradually making it
clear that stem cells and feeder
cells are linked either via secretory
factor or by direct binding.

We are also involved in
transcriptome analysis. By
thoroughly analyzing the
occasional intracellular expression
of mRNA, we can define cell status.
This is promising for applications
in a variety of research methods

2006-present Chief Executive Officer, Australian Stem Cell Centre, Australia

such as RNA interference. At
present we are working toward the
implementation of transcriptomics,
and progress is being made in the
analysis of cell status for a variety
of cell types including ES cells,
embryoid bodies, and substances
such as hemoglobin, which are even
further differentiated.

Also, in order to use stem cells
it is necessary to be able to control
directed differentiation. In order
for ES cells to produce blood, it
is necessary to repeat within the
cell culture the developmental
process that starts with the
embryo and progresses through
mesoderm formation to create
the hematopoietic system. In the
process of differentiation, the
genetic expression of sequential
changes is manifested as
differential changes. Quantitative
analysis will show, for example,
that as the ES cells differentiate by
way of the embryoid body, the Oct4
level decreases, and that along with
directed differentiation into the
hematopoietic system, the level of
y -globulin increases.

In order to understand and use
this directed differentiation, we
are developing reporter genes. We
are working on a method to induce
ES cells to form hematopoietic
precursor cells, using these
reporter genes as indicators, and

are making our results public.

Toward international

cooperation

In conclusion, I would like to say
a few words about international
cooperation. In 2004, in
conjunction with a Canadian group,
we established the Consortium of
Stem Cell Networks (ICSCN). This
organization serves as a "network
of networks" to connect stem cell
research to regenerative therapy.
Today the ICSCN includes 18
organizations from around the
world. Stem cell research is being
advanced by sharing information
within this network, and by
exchanging human resources
through workshops and visiting
researcher programs.

The Stem Cell Network
Asia Pacific (SNAP) provides
an additional platform for
international cooperation.
Participating in this organization
are Australia, Japan, China,
Korea, Taiwan, Thailand, India,
and Singapore. We hope that this
network will build cooperative
systems that accelerate stem cell
research.
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Research assistance
activities by patient groups
in the U.S. and the state of

research in India

Nishikawa In this session, I'd like
to have a frank discussion about iPS
cell research. First, I’'d like to hear
from our two panelists. Professor
Goldstein.

Goldstein The Juvenile Diabetes
Research Foundation was
established in 1970 by the parents
of children with Type 1 diabetes.
Our mission is to find a cure for
diabetes and its complications
through the support of research.
In 2007, JDRF provided research
funding assistance of more than
$138 million. The organization also
conducts political activities, such as
testifying before the United States
Congress about the state of Type 1
diabetes care.

In 2000, when JDREF first began
to support stem cell research, there
was no national policy or unified set
of regulations in the United States.
So we established our own Stem
Cell Research Oversight committee,
including leading researchers and
ethicists. JDRF cooperates with
the National Institutes of Health to
help make this research possible.

At JDRF, we have always
recognized that stem cell research
in the U.S. alone is not enough, that
genuine international cooperation

Max Planck Institute for Molecular Biomedicine, Germany

is required. That’s why we fund
research internationally, and we
support the International Society
for Stem Cell Research.

JDRF is deeply involved in
supporting stem cell research, and
we have also been active in the
political and ethical discussions of
this science. In the US, for example,
we have established cooperative
relationships with other patient
groups. We have participated
in various international forums.
In new research domains where
contention arises, as with stem cell
research, support activities like
ours are necessary.

After the emergence of iPS cells,
JDRF has heard the opinion, “ES
cells aren’t necessary anymore.”
However, our knowledge is still very
limited. We hope to see a range
of stem cell research, including
ES cells, iPS cells and so on, in the
future.

Finally, I would like to remind
everyone that we must all be
honest. When ES cells emerged 10
years ago, many people suggested
that cures would start right away.
We mustn’t give priority to making
headlines in newspapers. When
we look ahead 10 or 15 years, I
really hope to see a steady march
of research towards treatment of
disease using cell-derived tissues.
Nishikawa Thank you. Next Group
Leader Dhawan.

Dhawan I will report on the
situation in India.

Whitehead Institute, Massachusetts Institute of Technology, USA

In India a task force has been
created under the Department of
Biotechnology (DBT) of the Ministry
of Science and Technology, and the
government is supporting research.
The public perception of stem cell
research is good and there appears
to be a wide acceptance of stem cell
research.

Last year, research Guidelines
were announced following public
debate. In line with this research
policy, a wide range of stem cell
research is being pursued in several
research centers in different parts
of India, with about 20 research
groups working on ES cells, somatic
stem cells and so on.

Private companies, universities
and government institutes are
being funded to research hES cells
under the DBT-led projects. Stem
cell research programs are also
underway at reproductive medicine
research institutions.

These research programs are
producing new human feeder cell
lines which are important for the
culture of human stem cells, as well
as attempts being made to create
feeder-free lines. There are also
research programs using marmosets
which are small primates, and for
corneal and retinal regeneration
treatments using cell therapies. iPS
cell research is also being planned
at present.

Of course, we’re also participating
in the new networks in the Asia-
Pacific area, and we’re also
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strengthening our systems of
cooperation with other countries.
We’re also actively holding
international meetings, and I hope
you will all come and take part.
Nishikawa Thank you. When I
first heard Professor Yamanaka’s
presentation about mouse iPS
cells, Dr. Giulio Cossu, a famous
Italian researcher who was next to
me muttered, “This research will
change politics”. Just hearing what
people have said up to this point
makes me think that what he said
has come true.

The situation surrounding
research in each country

Jaenisch As Professor Goldstein
said, when iPS cells appeared,
the U.S. government immediately
said, “Look, we didn’t need ES
cells”. With mice, there’s enough
research data for comparison and
it’s understood that ES cells and
iPS cells have the same capabilities.
With humans, however, this point
is still unknown. So of course we
still have to research ES cells.
hES cells may eventually become
unnecessary, but for the time
being at least, they’re an important
subject of research.

Nishikawa How about at the
California Institute for Regenerative
Medicine?

Weissman After the possibility of
new models for the study of normal
and abnormal development from
human ES cells held the possibility
of deriving new ES cells by nuclear
transfer of cells from patients with
genetic diseases, I wondered if such
cells could recapitulate the disease
process in vitro or in SCID-hu mice,
In 2001 I was a chair of a panel of
the National Academies (NAS, NAE,
IOM, NRC) to look at reproductive
cloning by nuclear transfer (NT)
and derivation of pluripotent stem
cells by NT. We unanimously called

Report

for a halt in human experiments for
reproductive cloning for medical
ethical reasons, but advocated NT
to produce human disease specific
cell lines; however, President Bush
by executive order forbade NT
research with federal dollars for
ideological reasons.

I think this is the first time in the
United States that the direction of
research has been constrained by
religion and ideology.

That’s when I was consulted
by the parents of patients in
California who wanted the scientific
community to pursue the research.
Rather than following religious
or political purposes, the noblest
aim of scientific research should
be to save people’s lives. So I
decided to advocate this type of
research, mainly with the people
of the Juvenile Diabetes Research
Foundation. Through these
activities, the methods of research
and approaches to evaluation
began to change. As a result of
these efforts, there is beginning
to be a change in the direction of
the research that’s permitted in
California.

I'd like you to understand that
it was at this time that iPS cells
appeared. The iPS cell research
was carried out in a wonderfully
judicious manner. But at the
moment, it’s important not to make
the dangerous gamble of saying
“this is good and this is bad”.

We must keep an open mind, and
put more effort into basic research,
both NT and iPS to produce human
disease pluripotent stem cell lines.

Two large religious organizations
have launched lawsuits against
California’s approach to research.
At present the court has issued
an injunction again them, and
research is also getting started.
But this resolution has taken three
years. If we had pursued research
during this time, many people
might have been saved.

Goldstein In the restrictions
imposed in 2001, NIH investment
in research using embryonic stem
cells was limited. The current US
presidential candidates, and the
Congress, are tending towards
approving future research. So in
future NIH may well increase its
research funding in this topic.
Nishikawa But in Israel religious
doctrine allowed the use of surplus
embryos, didn’t it?

Itskovitz I think we were lucky. In
Jewish doctrine, life begins after
the egg is implanted, so there’s no
problem with using preimplantation
embryonic ES cells in research. We
first started our ES cell research in
1998 outside America. The Israeli
government and society in general
supported the research.

From an early stage, we

established an industry-
government-academia joint project
for stem cell research. We obtained
cooperation from NIH in the US
and also from Europe, and have
been conducting fruit-bearing
research. Since we have this
foundation of allowing stem cell
research, there is no controversy in
Israel over working with iPS cells.
Nishikawa Conversely, there have
been a number of ongoing problems
in Germany, but at last things are
beginning to change.
Scholer In Germany we have the
“Embryo Protection Law”. So taking
ES cells from surplus embryos is
prohibited, and importing stem
cells and research cooperation
outside the country has also been
prohibited.

However, with the emergence of
iPS cells, the situation has changed
greatly in the last six months. The
current matters under discussion
are the same as in America, with
the opposition faction saying, “We
don’t need ES cells”, and supporters
insisting that we need them more
than ever. A majority of politicians
seem to think that human ES



cell research is necessary. Only
one month ago, there was a
new proposal for relaxing the
restrictions on research.

Issues with clinical

applications of iPS cells

Nishikawa Now I have a question
for Professor Andrews, Director of
the International Society for Stem
Cell Research (ISSCR). What do you
think is the key to using iPS cells
safely in clinical applications?
Andrews I think the key will be
the stability of gene expression of
the iPS cells. To understand the
changes occurring in iPS cells,
we must compare as many cell
lines as possible. At the moment,
the phenotype of iPS cells made
separately can be thought to be
similar, but it is necessary to
investigate that thoroughly.

Also, finding out whether iPS
cells have the same characteristics
as ES cells, and whether
reprogramming is complete, is
important, in addition to safety
evaluation. Furthermore, epigenetic
change will probably also be key.
This can be said for all stem cell
research, not only iPS cells.

International cooperation is
essential for this kind of research.
The ISCI (The International Stem
Cell Initiative) holds a workshop
every year. In the first year,
researchers from each country
brought their data for discussion in
order to compare standard indices.
That created a good atmosphere
which resulted in the cooperative
structure we have now. It will be
good if we can continue this. By
working together, we can obtain
more valuable results than by
competition.

Nishikawa As Sir Martin Evans
said, another important point is
that while ES cells and iPS cells
have a regenerative capacity, they

are also subject to tumorigenic
transformation. This is surely going
to be an issue for applications in
treatments, but what is the key to
resolving it?

Scholer One important thing is to
understand the intermediate step
in cell differentiation. When you
make a substance in chemistry,
what’s important is producing an
intermediate. By gaining a detailed
understanding of this intermediate
state, I think it will be possible to
avoid the cells differentiating in
the wrong direction and turning
cancerous.

Weissman What’s needed for
treatment is not pluripotent stem
cells but tissue stem cells. From
that viewpoint, what Professor
Scholer says is correct.

Also, for checking the safety of
clinical applications, experiments
with animal models are effective.
Research is also underway to
remove undifferentiated cells from
within the population that contains
tissue stem cells, but to check their
safety properly, it won’t be possible
to tell until they actually go into a
living body.

However, this is where politics
and ethics show their faces again.
In order to check the safety of
human stem cells, there’s a method
of putting them in mice and making
a chimera, but this is controversial
from the point of view of the
religious opinions of some.
Nishikawa How to verify safety is
an important issue. It’s unknown
whether immunodeficient mice that
are currently used to check safety
are an appropriate evaluation
system.

As Professor Andrews says, |
think it’s necessary to accumulate
data on a worldwide basis. At some
stage, even if one country doesn’t
have some data, if we can rely on
the data from another country, we’ll
be able to speed up research.

The future of iPS cell research

Nishikawa If iPS cells are used for
drug discovery experiments or are
used in basic research combined
with the findings of the human
genome project, they hold an
enormous range of possibilities.
Finally, I'd like to ask everybody to
say a few words about the prospects
for international research
cooperation employing iPS cells.
Andrews In the field of cancer
research, there are many joint
projects that are conducting
tests of treatment methods for
cancer across national borders.
I think it’s important to devise
technological rules for pursuing
this international coordination,
and also to keep in step with
the research regulation of each
country.

Itskovitz But finally I think the
problem of intellectual property
and technology transfer still
remains. How to handle these
questions within an international
network is an issue that requires
solving.

Weissman The problem here is the
difficulty of rules. Administrations
want a consensus of the whole
society, and they want rules that
don’t involve any risk. They even
have rules that forbid clinical trials
with child patients who may die
of genetic conditions before the
age of fifteen. Since it’s difficult to
pursue a consensus of society as a
whole concerning rules, we must
think of ways of dealing with these
problems.

Dhawan That’s right. Consensus
must not lead to regulations. First,
engagement is important.
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First of all, I’d like to congratulate
everybody on making this two-day
international symposium such a
great success.

I'm a physics and chemistry
researcher so ’'m a layman in this
field, but by participating in the
meetings over these two days, I've
learned that the field of stem cell
research is very broad and it’s
continuously deepening as an area of
scholarship. Professor Yamanaka’s
establishment of iPS cells has
brought a new degree of freedom
to the development of research,
and I'm very impressed by the
significance of its impact.

However, I've learned over these
two days that we must give more
thought to the ethical issues of these
iPS cells. The various difficulties
facing researchers and the issues
that weigh on your consciences,
the way that you think about how
to pursue your research and the
thought that you give to helping
your patients made a very strong
impression.

By demonstrating the importance
of international cooperation in
promoting the development of
research and thinking about its
direction, I believe this symposium
has been extremely significant as a
first step.

In addition to these ethical
questions, the issue of how the
public in Japan regards science
in recent years is also fraught
with difficulty. This February the
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Cabinet Office conducted a public
survey with a questionnaire that
asked general respondents, “Do
you think that science will solve
the problems that we face in our
future? ” Four years ago with the
same questionnaire, 65% of
respondents answered “No”, but
it was reported that in February’s
questionnaire, the results were
reversed with 63% answering “Yes”.
The Asahi Newspaper suggested that
iPS cells and other developments
had contributed significantly to this
change.

Yesterday in fact, NHK, Japan’s
nationwide TV network, reported on
this symposium on iPS cell research
in a news program. Apparently the
reports said that this symposium
raised a lot of public expectations
and dreams, and also that it
encouraged young people to face
the challenge of difficult issues in
our future. I'd like to tell everybody
here that this is the message which
this international symposium is
sending out to the public in general.

The organizing committee
was chaired by Professor Hiroo
Imura, with committee members of
Professor Tasuku Honjo, Professor
Ichiro Kanazawa, Professor
Tadamitsu Kishimoto, Professor
Kiyoshi Kurokawa, and Masatoshi
Takeichi. As the representative of
JST, the organizer of this symposium,
I'm very grateful for the cooperation
of these highly esteemed scientists
and leaders in Japan’s life science

field. Also, Professor Shin-ichi
Nishikawa kindly worked as the
producer of this symposium. As
symbolized by the panel discussion
at the end, the symposium has
been an extraordinarily unique
and significant event, and I'd like to
thank Professor Nishikawa for his
efforts. The symposium was held in
association with the Cabinet Office,
the Ministry of Foreign Affairs,
the Ministry of Education, Culture,
Sports, Science and Technology,
the Ministry of Health, Labor and
Welfare, the Ministry of Economy,
Trade and Industry, Kyoto University
and Cell Press, the publication in
which Professor Yamanaka originally
published his article on iPS research.
Professor Yamanaka took time out
of his very busy schedule to help
set up the symposium, and the staff
of the JST Department of Research
Project, Office of Basic Research
showed great ingenuity in making
it possible in a very short time. I'd
like to close this event with words of
gratitude to all of these people.
Thank you very much.
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