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DR. SHINYA YAMANAKA

Professor, Kyoto University/
Director, Center for iPS cell Research and Application
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“Induction of Pluripotency by
Defined Factors”
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Induced pluripotent stem (iPS) cells were originally gen-
erated from mouse and human fibroblasts by retroviral
introduction of Oct3/4, Sox2, c-Myc, and Klf4. iPS cells are
similar to embryonic stem (ES) cells in morphology, prolif-
eration, gene expression, and most importantly, pluripo-
tency. Compared to ES cells, iPS cells have less ethical con-
troversy and can be generated from various genetically
identified individuals including disease patients or those
having specific human leukocyte antigen (HLA) types.
Patient-specific iPS cells provide unprecedented opportuni-
ties in disease research, drug screening, and toxicology. A
bank of iPS cells constructed from HLA-homozygous donors
would provide significant resources for stem cell therapy.
However, recent reports of tumor formation following
transplantation, and the large diversity between iPS cell
clones highlight potential problems. Furthermore, the
mechanism of reprogramming remains unclear.

In addition to fibroblasts, IPS cells can be generated from
various somatic cells, such as hepatic cells, gastric epithelial
cells, neural cells, dental pulp cells, peripheral blood cells,
and cord blood cells. As alternatives to retroviral transduc-
tion, iPS cells can be generated by lentiviruses, adenovi-
ruses, plasmids, transposons, recombinant proteins, or syn-
thesized mRNA. Recently, we reported an integration-free
induction method using episomal vectors. This method can
induce human iPS cells efficiently and reproducibly. Regard-
ing iPS cell induction factors, we discovered that L-Myc and
the transcription factor Glisl, which is strongly expressed
in the unfertilized egg, can establish iPS cells with a high
efficiency and quality, replacing the oncogene c-Myc. Other
reports suggest that chemicals can further enhance induc-
tion efficiency.

Each induction experiment can result in up to 100 or
more independent iPS cell clones. These iPS cell clones may
vary qualitatively, considering responses to in vitro directed
differentiation protocols and their propensity to produce
tumors. In fact, we have previously shown that the origins
of mouse iPS cells have profound effects on tumorigenicity.
It is therefore essential to determine the best origins, the
best induction protocols, and the best methods to evaluate
iPS cell clones and subclones for future clinical applications.
From this point of view, the need for genetic and epigenetic
analyses, such as DNA methylation, histone modification,
and genomic imprinting becomes more significant. It is also
important to note that iPS cell within a clone can be hetero-
geneous, despite their common derivation from a single pro-
genitor cell. This is likely because the process requires mul-
tiple cell division and cannot be completed by the four
exogenous factors alone. Additional endogenous factors are
required to achieve full reprogramming. Better understand-
ing of the reprogramming mechanism will facilitate more
uniform and complete reprogramming during iPS cell gen-
eration,
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DR. TAKUZO AIDA

Professor, The University of Tokyo
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“Aqua Material : An Ultimate Material
Mostly Composed of Water”

HRAORETHEAIL, AR, Bk B " KA D—
DT, A RER FOVEALIACTERL MEREROT0% %
BHoTVET. 2 ADHEDE0% 2L TVET . 0L . BRT
HELGWMCY» b EEIHERTARPHO. XK TERTETS
AF w2 DR GEmMEPELILA TELLL ADEF IR EL O
AIMOEELMLALX T2y BECAT R TV,
BT RSB P A T34 01, 4 » it R EET T
BRIz 72 7=7) 7 Mid, ED LRV AIAD LA TV T, 7
ZT7=F)T ML KBRS ORGSR L A S e NAsIET
BONAHLOME T, 5EA(REILIZ, kDO B & 5795~
08%EELEC, — . BRI 2%RREL»EINTVEEA
PNy TAD LB RIE Y AL, HLOATAIK N
LHARETT, ABE TR KB SOERCEF THILY
R ANAZONHERDPLLBHEM NIV TEMLET,

With the world s focus on reducing our dependency on
fossil-fuel energy, the scientific community can investigate
new plastic materials that are much less dependent on
petroleum than are conventional plastics. Given increasing
environmental issues, the idea of replacing plastics with
water-based gels, so-called hydrogels, seems reasonable.
Here we report that water and clay (2-3 weight-%), when
mixed with a very small proportion (0.4 weight-%) of
organic components, quickly form a transparent hydrogel,
which we named ‘aqua material. This material can be
molded into shape-persistent, free-standing objects owing to
its exceptionally great mechanical strength, and rapidly and
completely self-heals when damaged. Furthermore, it pre-
serves biologically active proteins for catalysis. So far no
other hydrogels, including conventional ones formed by
mixing polymeric cations and anions or polysaccharides and
borax, have been reported to possess all these features. No-
tably, this material is formed only by non-covalent forces
resulting from the specific design of a telechelic dendritic
macromolecule with multiple adhesive termini for binding
to clay.
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“Catalysis and Green Chemistry”
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Ruthenium based olefin metathesis catalysts have pro-
vided new routes to olefins that appear in a variety of
structures. Their functional group tolerance and ease of
use allow their application in the synthesis of multifunc-
tional bioactive molecules that are being explored as phar-
maceutical agents. The same systems are also useful for
the synthesis of an array of new materials from multifunc-
tional polymers to supramolecular systems. Of particular
interest are brush polymer systems that phase separate
into ordered structures. The long-range order of these peri-
odic structures is controlled by the selection and ordering
of the block components. We are exploring the factors that
control the spacing and attempting to develop a detailed
picture of the phase separation process. The catalysts can
also be used to construct telechelic polymers and in the
production of composite materials. Underlying these devel-
opments has been the discovery of active catalysts with
controlled selectivity through the synthesis of new ligands
that control the geometry of the intermediate carbene and
metallacycle complexes. A recent finding has been a ligand
system that controls the geometry of the double bond that
is formed in the metathesis process. A particularly efficient
catalyst that will dimerize olefins to the Z geometry in high
vields has been developed. These systems also generate a
family of high Z polymers.
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SIR HAROLD W. KROTO

Nobel Laureate in Chemistry, Francis Eppes Professor of Chemistry,
The Florida State University
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“Carbon in Nano and Outer Space”
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The age-old awe that man has had for the heavens has
driven almost all aspects of human culture and knowledge
and resulted in technologies with generally positive, though
occasionally negative effect. Arguably the most positive
have taken place since Galileo recognized that the phases of
Venus provided the evidence that confirmed the Coperni-
can heliocentric system and cemented his position firmly as
the “Father of Science”. Particularly important truths have
resulted from the curiosity that humans have had for a
detailed understanding of the way the Universe works.

As Quantum Mechanics developed along with Spectros-
copy it was inevitable that we should start to study the
atomic and molecular composition of heavenly bodies - first
hot stars as well as cool comets. With the development of
radiotelescopes, the very cold interstellar medium was
found to be a veritable Pandora's Box, full to the brim with
fascinating and exotic molecules, dust particles and also
some highly puzzling material responsible for some as yet
unidentified spectroscopic features. These latter are known
as the Diffuse Interstellar Bands (DIBs) first observed in
the 1920s.

Particularly fascinating, curious and crucial has been the
role that the element carbon has played in almost every
aspect of the development of our understanding of both the
physical and natural sciences. Therefore it is hard to con-
ceive that life could be based on any other element. The
most recent big surprise that the element had up its sleeve
was the existence of Cs0, Buckminsterfullerene, the third
well-defined form of carbon. The discovery was made ser-
endipitously in 1985 during laboratory experiments which
attempted to explain the chemical synthesis of some unusu-
ally long linear carbon chain molecules detected in the
interstellar medium in the 1970s.

The suggestion that C60 might exist in space and be
responsible for the DIBs seems an as good, if not a better,
possibility than most other ideas that have heretofore been
proposed. Our suggestion is strongly supported by some
facts which are examples of the remarkably synergistic
relationship between terrestrial and space science. In these
difficult times they lend useful support for the fundamental
value of "Blue Skies" or perhaps more accurately "Black
Skies” cross-disciplinary research. The 90 year-old mystery
of the carrier of the DIBs might be close to being resolved
at long last.
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