Imperial Prize and Japan Academy Prize to:

Seiji OGAwA

Special University Professor Emeritus,
Tohoku Fukushi University

Guest Specialist, Center for Information and
Neural Networks (CiNet)

Honorary Fellow, National Institutes for Quantum
Science and Technology (QST)

Guest Professor, Brain and Mind Research Center,
Nagoya University

for “Discovery of the Basic Principle of Functional Magnetic Resonance
Imaging and its Development of the Method in Brain Science”

Outline of the work:

Dr. Seiji Ogawa discovered the principle of BOLD contrast in magnetic resonance
imaging (MRI) which appears as variation of MRI signals due to changes in blood
oxygenation induced by blood physiology. Based on this principle, he introduced an MRI
approach for measuring functional activity of the brain (BOLD based functional MRI,
fMRI).

Dr. Ogawa studied Applied Physics at the University of Tokyo for his Bachelor of
Engineering and later earned his Ph.D. in Chemistry at Stanford University, after which he
worked at AT&T Bell Laboratories, Murray Hill, New Jersey, as an influential research
member for 33 years. He returned to Japan in 2001 to become the director of the Ogawa
Brain Function Research Laboratory in Tokyo. In 2008, he became a specially appointed
professor at Tohoku Fukushi University. In the same year, he was appointed a special
professor at the Neuroscience Research Institute of Gachon Medical University in Korea to
lead the research with the newly introduced 7 Tesla ultra-high field MRI system. Since 2011,
he has been associated with CiNet (Center for Information and Neural Networks) of
National Institute of Information and Communications Technology as an advisor and as a
visiting technical specialist. For his contribution to the field of fMRI, he has received many
prestigious honors and prizes such as a member of National Academy of Medicine (USA),
Japan Prize, Asahi Prize, Gairdner International Award, Keio Medical Science Prize and
Japan Medical Research and Development Grand Prize.

Dr. Ogawa’s achievements have roots in the wide range of research experience and
knowledge on the structure and function of hemoglobin he acquired during his tenure at Bell
Laboratories. The knowledge cultivated there gave him the basics for understanding the
variation of MRI signals influenced by blood oxygenation, and this understanding led him
to find that MRI images depended on the variation of blood oxygenation in the brain. He
succeeded in showing such MRI contrast variation in a series of creative experiments with



rodent brains. In 1990, he coined the technical term ‘BOLD’ (Blood Oxygenation Level
Dependent) to describe this contrast. He then collaborated with Dr. Kamil Ugurbil of
University of Minnesota to apply the BOLD contrast method to study of the human brain,
and this collaboration was successful in observing localized neuro-activation using MRI in
the brain of a healthy person. More specifically, in experiments with a task of visual
stimulation, they demonstrated that it was possible to map the activation in gray matter
regions of visual area.

The starting point of the discovery of BOLD contrast traces back to Dr. Ogawa’s
research work on the biophysical matters of hemoglobin at Bell Laboratories. Twenty years
prior to the first BOLD experiment, he was researching the effect of paramagnetic state of
the iron on the allosteric oxygen binding of hemoglobin and on its NMR signals. In the early
1970’s, he published some important papers on the topics of ‘structure and function’ of
hemoglobin. After the period until the 1980°s, he worked on a biochemical problem of in
vivo cellular energy metabolism using phosphorus-31 NMR spectroscopy.

From these series of the foregoing research works, i.e., on the biophysics of hemoglobin
and brain energy metabolism, Ogawa succeeded in conducting leading in vivo experiments
on the rodent brain using MRI at high magnetic field and high spatial resolution. As a result,
MRI signals of water in blood vessels and their surroundings were found to vary by some
subtle magnetic field variation induced by the change of magnetization of hemoglobin. This
research result was published in a series of papers in the 1990°s and the approach of BOLD
based fMRI was thereby established. Before such approach, it was generally understood that
MRI could not measure functional activity in the brain. The period of the 1990’s when
Ogawa conducted these research works was in ‘the decade of the brain’, as acknowledged
by the nationwide presidential slogan in the US, and the method was well accepted as a non-
invasive way to study brain activity. Unlike previous MRI methods which used externally
imposed contrast agents, the method of BOLD based MRI has used the character of blood as
an intrinsic contrast agent. As a result, the advantage of BOLD MRI method for studying
brain activities was immediately recognized. In the past 30 years, the method became the
non-invasive way with high sensitivity to image human brain activity and has provided
various basic knowledge of brain activity for research in cognitive neuroscience and for
clinical usage of general brain imaging.

Dr. Ogawa is still active in the field of functional brain mapping after his discovery of
BOLD contrast. His research has covered a wide variety of topics and applications related to
BOLD contrast approach to the brain, such as the basic research on the biophysical aspect of
the BOLD phenomena, on the complex mutual interaction between oxygen metabolism and
blood system behavior, follow up topics arisen by encountering some unexpected
phenomena in brain activity, on functional networks in the brain and on the functional
plasticity of the brain. Recently he has also been involved in imaging physiological
phenomena of general blood circulation which is unrelated to brain activation.
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