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Message

Peace and prosperity are fundamental human aspirations, and the
role that can be played by science and technology towards these
ends 1s vast.

For the development of science and technology, The Science and
Technology Foundation of Japan presents Japan Prize to promote
the comprehensive spread and development of science and
technology. Commemorative Lectures by the Prize Laureates are
held annually during the Japan Prize Week.

The Japan Prize honors those who are seen to have made original
and outstanding achievements in science and technology, and thus
to the peace and prosperity of mankind.

The first Japan Prize was presented in 1985.

This year, 2002, the 18th Japan Prize will be presented to the
following three laureates :

Category: Computing and Computational Science and Engineering
Laureate: Dr. Timothy John Berners-Lee (U.K.)
Senior Research Scientist, Laboratory for Computer
Science, M.I.T.

Category: Developmental Biology

Laureate: Dr. Anne McLaren, DBE, FRS, FRCOG (UK.)
Principal Research Associate, Wellcome Trust/CRC
Institute
Dr. Andrzej K. Tarkowski (Republic of Poland)
Director of the Institute of Zoology, Warsaw University

The three laureates have been invited to deliver Commemorative
Lectures to the general public.

We sincerely hope that these lectures provide inspirations and
encouragement to those who will be leaders in science and
technology in future generations.

Prof. Dr. Kondo, Jiro
Chairman
The Science and Technology Foundation of Japan
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Opening Remarks

Prof. Dr. Kondo, Jiro

Chairman

The Science and Technology Foundation of
Japan

Introduction of the Laureate

Mr. Kaneko, Morihisa

Executive Officer

The Science and Technology Foundation of
Japan

Lecture I

Dr. Timothy John Berners-Lee

“The World Wide Web, past present and future:
Exploring universality”

Break(10min.)

Introduction of the Laurcates

Mr. Kaneko, Morihisa

Executive Officer

The Science and Technology Foundation of
Japan

Lecture II
Dr. Anne McLaren
“Embryos, cells, genes-and Society”

Dr. Andrzej K. Tarkowski
“Flexibility and patterning in early mammalian
development : a dilemma for embryologists”

Closing
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Dr. Timothy John Berners-Lee (U.K.)

Senior Research Scientist, Laboratory for Computer Science,
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The World Wide Web, past present and future:

Exploring universality

Abstract

The most important thing about the World
Wide web is that it is universal. By exploring this
idea along its many axes we find a framework for
considering its history, its role today, and

guidance for future developments.

Introduction

The concept of the Web integrated many
disparate information systems, by forming an
abstract imaginary space in which the
differences between them did not exist. The Web
had to include all information of any sort on any
system. The only common idea needed Lo (e il
all together was the Universal Resource
Identifier (URI) identifying a document. From
that cascaded a series of designs of protocols
such as HTTP and data formats such as HTML
which allowed computers to exchange
information, mapping their own local formats
into standards which provided global

interoperability.

Device independence

That the same information should be
accessible from many devices is a core rule of
the Web. Once the choices were 80 character
terminals or the new personal computers. Now,
the number of pixels on a screen has steadily
increased, but mobile devices have small screens
or voice input and output. Our ability to
represent information independently of the

hardware we use is more important than ever.

Software Independence

Many different forms of software provide and
consume Web information, and no one program
was critical to the whole Web. This
decentralization of software development was
crucial to its unimpeded growth. It also prevents

the web itself from coming under the control of a

given company or government through control
of the software. Communication standards give
people a choice of software, but we must all learn
to be aware of when their experience is being

controlled by software with a bias.

Internationalization

From its beginning in a laboratory run by
over a dozen collaborating countries, the Web
had to be independent of any inherent bias
toward one given country. XML, being firmly
based on Unicode, now allows all kinds of
characters. Internationalization must take into
account much more: the direction in which texl
moves across the page, hyphenation
conventions, and even cultural assumptions
about the way people work and address each

other, and the forms of organization they make.

Multimedia

Multimedia is not just a buzz-word, it stands
for an important dimension of variety - the palette
of technologies available to human creativity.
Even the early demos included sounds and
music. What has changed since then is that the
capacily of lypical compulers (o handle graphics
and sound has increased, and for some the
bandwidth allows video to be sent. Because
many things can still be done with plain text, the
exotic and the mundane will always coexist on
the Web.

Accessibility

Just as people differ in the language,
characters and cultures they are used to, so they
differ in terms of their capacities for example in
vision, hearing, motor or cognition. The
universality which we expect of the web includes
making sure that, as much as we can, we make
the web a place which people can use

irrespective of disabilities. There are guidelines



for web sile designers (o help with this now, and
a site which follows them will typically be easier
to use for anyone, and easier to index and

search.

Rhyme and Reason

There is another axis along which
information varies. At one end of the axis is the
poem, at the other the database table. The poem,
or for that matter the 15 second TV commercial,
is designed to connect to a human brain using all
its complex series of associations in clever and
powerful ways which we can never fully analyze.
The database is designed to be queries and
processed by a machine. It has well-defined
values of information regularly arranged in
columns which hopefully has well-defined
meaning. Databases can be joined and split,
combined and repurposed. Human beings use
different sides of the brain for dealing with these
types of information. Most information on the
web now contains both elements. The web
technology must allow information intended for a
human to be effectively presented, and also allow
machine processable data to be conveyed. Only
then can we start to use computers as tools

again.

Quality

Many documentation systems used to be
designed for particular collections of information,
and one could assume that the information in
such a system had achieved a certain quality.
However, the web itself cannot enforce any
single notion of quality. Such notions are very
subjective, and change with time. To support this
- to allow users to actually use the web even
though it contains junk as well as gems - the
technology must allow powerful filtering tools
which, combining opinions and information

about information form many sources, are

complelely under the control of the user.

Independence of Scale

The web is described as a global
phenomenon, and it is, but we must remember
that personal information systems, and family
and group information systems are part of it too.
There should be no information boundary which
would prevent a link from my personal diary to a
public meeting. Harmony on a global scale we
know we need for peace, but that peace will only
be stable so long as social groups of all sizes are
respected. Starting at the individual, a group of
one, one can think of institutions and ad-hoc
groups of all sizes. The web must support all of
those, allowing privacy of personal information to
be negotiated, and groups to feel safe in
controlling access to their spaces. Only in such a
balanced environment can we develop a
sufficiently complex a many-layered fractal
structure which will respect the rights of every
human being, and allow all the billions of us to

live in peace.
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Dr. Anne McLaren, DBE, FRS, FRCOG (U.K.)

Principal Research Associate, Wellcome Trust/CRC Institute
Born in 1927
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Embryos, cells, genes — and Society

If one believes, as [ do, that the task of
science is not merely to understand the world,
but to change it for the better, it is fortunate that
determinism plays little part in biology, that the
environment exerts such a profound influence on
development, at all levels - the external
environment, the maternal environment, the
tissue environment, the intracellular
environment. My own research has always been
on mice, as the most appropriate animal model
for our own species; it has never been directly
applied, but there has always been some human
relevance in mind. And I have always felt it
important lo tell people in general what I am
doing and why, what other scientists are doing,
and what are the implications (hoth good and

bad) of scientific advances.

For twenty-two years [ worked for the British
Agricultural Research Council. First in London,
Dr. Donald Michie and I kept mice at hot, cold
and intermediate temperatures, and found that
the temperature of rearing influenced not only
external features (size, tail length, ear size) but
also their variability. Then we used the
previously pioneered technique of embryo
transfer to analyse a maternal effect on number
of lumbar vertebrae in crosses between two
strains of mice. Was it the origin of the egg that
was important, or the uterus in which the
embryos developed? It turned out to be the
uterus, and this remains one of the few good
examples of the uterine environment influencing
an anatomical character. Frustratingly it was
impossible at that time to pursue the finding
further: it would be thirty years hefore
techniques for examining the molecular basis for
gene expression during development came on
line. With Dr. John Biggers, I used the same
embryo transfer method to show that early

embryos removed from the female and cultured

for 24 hours in the laboratory would develop into
normal fertile mice. That result was to have
important consequences, which perhaps explains

in part why I am here today.

Moving to Professor Waddington’s Institute
in Edinburgh, I worked for some years on
implantation, seen at that time as a promising
target for contraception. Although I made certain
advances, [ was again frustrated by the elusive
nature of the crucial local signal for implantation
that the embryo gives to the uterus, a signal that
has still not been identified. At about the same
{ime, Tarkowski invented his embryo-
aggregation technique for making chimeras, and
1 realised that chimeras provided the ideal
situation for examining the effect of a tissue
environment of one genetic type on a cell of a
different genetic type. With this in mind, I looked
at various aspects of development, in particular
hair colour and sexual differentiation. Today, of
course, studies of cell-cell signalling can be

conducted at the molecular level.

After Edinburgh, I worked for 18 years for
the Medical Research Council, as Direclor of the
newly constituted Mammalian Development
Unit. Up to that time, the developmental biology
of mammals had been a somewhat neglected and
under-funded topic in Britain, at least from the
medical point of view. Studies on sex
determination with a number of wonderful
colleagues led me to a consideration of the
factors influencing the sex of germ cells, the all-
important cells that eventually give rise to sperm
and eggs. Throughout their lengthy and
fascinating developmental history, germ cells
have turned out to be closely dependent on their
tissue environment. The unfertilised egg, the
final product of female germ cell development,

itself provides a unique cytoplasmic



environment, which can reprogramme a
specialized cell nucleus to support development

of a new cloned embryo.

If germ cells are removed from their normal
environment and cultured in the presence of
certain chemical factors in the laboratory, they
change into stem cells, which will survive and
proliferate indefinitely. These stem cells are
pluripotent, meaning that they can give rise to
any of the cell types in the adult body. We and
others are concerned to find out how pluripotent
stem cells can be induced to form pure
populations of specialized cells, which in the
human could be used to repair damaged or
diseased tissues - for example, nerve cells for
Parkinson’s disease, heart muscle cells for heart
disease, insulin-producing pancreatic cells for
diabetes. With germ-cell-derived stem cells, it
will be important to ensure that the marks
imposed on the DNA of certain so-called
imprinted genes during germ cell development
do not cause any abnormalities in the specialized
tissues to which the stem cells give rise. During
the next ten to twenty years, stem cells derived
from adults, from foetuses, or from early
embryos, may well revolutionize the treatment of
degenerative diseases. The ethical and social
implications of this field are under active
discussion in many countries. Japanese centres
are in the forefront of the scientific advances and

are also involved in this ethical debate.
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Flexibility and patterning in early mammalian development:

a dilemma for embryologists.

Mammals reproduce only sexually by
fertilization of an egg-cell by a spermatozoon.
Although both germ cells contribute equally to
the genome of the resulting offspring, the egg is
by far the more important partner: being much
larger than the spermatozoon it contributes
practically all the cytoplasm with all organelles
(except a sperm-introduced centriole) and the
cell membrane. The egg is a polarized cell,
which means that its structural and molecular
constituents are spatially arranged along the so
called animal-vegetal polar axis in a unique way
that insures development of an embryo, and
[inally of an individual, according (o the slable
and repeatable — from generation to generation —
scenario. Another superiority of the egg-cell over
the spermatozoon is that it is able to initiate
development by itself (either spontaneously or
as result of experimental intervention) and in
some non-mammalian animals completes it
effectively, i.e. gives rise to parthenogenetic
progeny. The fate of unsuccessful spermatozoa is
as a rule miserable — they pass away unnoticed.

The above arguments make it obvious why
the egg is the most precious cell for the species
in question and the most inlriguing cell [or
embryologists. [ have spent my scientific life on
looking with the never-ending admiration on
mouse eggs, mouse embryos and mice that
developed from embryos that I had earlier
subjected to various experimental treatments.
My research has been always ‘curiosity driven”:
at first I did not think of and probably even did
not expect any practical applications of my
embryological adventures. But with the passing
time when more and more scientists became
interested in mammalian gametes and embryos
it became evident for me that experimental
embryology can produce results that may turn
out to be useful in animal breeding and human

biotherapy.

Trying to recall the most important event
that influenced and directed my research in
experimental embryology, I came to the
conclusion that it was a fortuitous observation of
a two-cell mouse embryo in which one cell was
accidentally destroyed. Immediately, I asked
myself a question: would the remaining cell form
a normal, though half-sized embryo, or would it
form a handicapped and non-viable embryo? I
transplanted the damaged embryo to the oviduct
of a foster mother and in few days I knew the
answer: at least up to the stage when embryos
embed in the uterus a damaged embryo can
develop normally. After many months of
experimentation I produced a number of normal,
adult fertile mice which developed from embryos
in which I had intentionally destroyed one of the
first two cells. When I learned that a part of the
embryo can develop into a complete mouse, the
next question I asked was whether two early
embryos aggregated together would develop into
one normal mouse or into a monstrous foetus
(individual?)? The first option turned out to be
true and we called thus produced animals -
chimaeras. These two experiments — the first
carried oul in Poland and the second in Greal
Britain - proved that the early development of a
mammalian embryo is extremely flexible, or — as
the embryologists say — the embryos have great
regulative capabilities. Further studies carried
out upon my return to Poland have shown that
up to the stage when the embryo is built of
several cells, the fate of cells is not yet
determined. At this stage cells have two
developmental pathways to choose: either to
become predecessors of the foetus and later the
animal, or to contribute to the foetal membranes,
the auxiliary structures that are discarded at
birth. It was suggested that the decision as to the
choice of one of these two ways depends on the

position occupied by cells in the aggregation:



these silualed inside will form the foetlus, those
located outside will built the auxiliary
membranes. This idea is known as the ‘outside-
inside” hypothesis. During the next years many
experimental embryologists have provided
dozens of examples of great developmental
flexibility of early embryos in several mammalian
species. It has been shown that also single cells
of the 4- and 8-cell embryos can develop into
adult animals, and twins, triplets and quadruplets
have been produced. Thousands of chimaeric
animals have heen created using different
developmental stages and different techniques.
In recent years it has been pointed out that
this great developmental flexibility of early
embryonic cells is manifested only under
experimental conditions in vitro and that when
embryos are left undisturbed they develop
according to a predetermined pattern which
stem from the organization of the egg. There are
thus two sources of information which
apparently are in conflict, and have to be
somehow reconciled. My proposition is that the
mammalian egg and the early embryo have
indeed a system of spatial organization and
signalling that guarantees a repeatable course of
developmental events. Lack of a morphogenetic
pattern would result in the developmental chaos.
However, each developmental system
characterizes itself also by some (greater or
smaller) regulative capabilities. In mammals
these capabilities are very large but perhaps in
Vivo, i.e. in the maternal womb, embryos rarely
make use of them for developmental repairs. But
due to these abilities identical twins can
spontaneously develop, and in this way Nature
confirms the view of many experimental
embryologists, including myself, that
developmental patterning in early mammalian
development is very labile. This, in turn, permits

us to manipulate the embryonic development,

hopelully (o the benelil of biomedical sciences.
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