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1.1 INSERM Bernard Zalc OO

The Division of Neurobiology and Bioinformat-
ics laboratory is composed of a total of 25 peo-
ple structured in 3 groups lead by group leaders,
Dr. Katsuhiko Ono, Dr. Kenji Tanaka, and Dr.
Seiji Hitoshi, plus the research projects conducted
more specifically and directly by Prof. Ikenaka
himself. The head of the laboratory, K. Ikenaka,
Most
of the projects developed have Dr. Ikenaka’s spe-

has the stature of an international leader.
cial touch. It is clear that all the research con-
ducted has been, if not inspired, at least discussed
in details with him. Therefore there is no ques-
tion that Prof. Ikenaka is the moving force of the
laboratory. In addition, Prof. Ikenaka is an inter-
nationally renowned and respected scientist. He is
member of editorial board of several international
scientific journals, and has an active contribution
in scientific councils of several international scien-
tific societies.

The group led by Dr. Katsuhiko Ono develop
largely two projects: one is aimed at investigating
the role of netrin-1 in the formation of the dor-
sal funiculus, the other one examines the role of
the transcription factor netrin-1 on the migration
of olig 3 expressing cells. The group has already
obtained interesting results on the role of netrin-1
The

project is interesting and original. The weak point

on the fasciculation of the dorsal funiculus.

is that I’ve not perceive the future perspective nor
the overall rationale. I'm certain that this is more
a problem of presentation and that due to the lack
of time Dr. ONO has not had the opportunity to
present how he envisages the project to evolve and
to put the project in perspective.

Dr. Kenji Tanaka interest is to better under-
stand the role of astrocytes in vivo. For that pur-
pose, he is creating a model of Alexander disease,
which is known to be caused by a mutation of

GFAP. The transgenic model is already under in-
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vestigation and Dr. Tanaka has convincingly ex-
posed the different strategies he is foreseen de-
pending on different possible situation. The ratio-
nale for the approach is that developing an animal
model close from the human disease should logi-
cally permit to better envisage a new function for
astrocytes. This is interesting working hypothesis
and at the same time it is the weak point of the
project since the risk is high that the hypothesis
On the other hand, I think

young researchers should be encouraged to take

may not be verify.

risks.

Dr. Seiji Hitoshi’s research is related to neural
stem cells and oriented around two major aspects.
The first project is aimed at better defining the
characteristic of the primitive neural stem cell and
the factors both extrinsic and intrinsic, which drive
a primitive neural stem cell to switch and become a
definitive neural stem cell. This is a very interest-
ing project and Dr. Hitoshi is one of the interna-
tionally recognized leaders in the field. A second
project evaluates the influence of antidepressant
on the proliferation of neural stem cells. I have
expressed some reservations on the pertinence of
the experimental observation with the physiology
of depression. Without contesting the data, i.e.,
that antidepressant drugs increase slightly neural
stem cell proliferation, I've suggested that many
more drugs should be tested as a negative control.
And in fact I suspect that many more drugs, most
of them not at all related to depression, may as
well increase the proliferation of neural stem cells.
Furthermore, most of the experiments have been
conducted on the RMS and olfactory bulb, which
is not the expected territory to explain depression.
The fact that a similar increase is also seen in the
hippocampus is not sufficient to validate the ap-
proach. My suggestion would be to follow and

reevaluate carefully the advancement of this part



of the project in 2 years.

I have had also the opportunity to discuss in
depth two other projects with Dr. Tkenaka: one is
related to the importance of microglia in the failure
of remyelination. If the converging evidence accu-
mulated so far is confirmed, this would constitute
a real breakthrough in the field of multiple sclero-
sis. The other project deals with the origin(s) of
oligodendrocytes in the telencephalon. This is also
an interesting project, which is the field of an ex-
tremely active competition. Dr. Ikenaka has good
and original “ weapons” to face the adversity. He
is however fully realistic and knows that the battle
is going to be tough.

An interesting point of the visit has been to par-
ticipate to the journal club and have the opportu-
nity to approach the intellectual life of the labora-
tory. This includes weekly journal club, laboratory
meeting and progress report. For the journal club

the paper of the week to be discussed is presented

Bernard ZALC, M.D., D.Sci.

Biologie des Interactions Neurones/Glie

in English and the questions and discussion are
in Japanese. I've attended on Monday morning
a presentation by Keisuke Watanabe, a 3rd year
graduate student and have been impressed by the
quality of the presentation and of the discussion.
The weak point is that the questions have been
mostly asked and discussions lead by the senior re-
searchers. May be the students were impressed by
my presence. Laboratory meetings are intended to
discuss the different matter of the laboratory. The
progress reports are organized by group. So each
group presents every 3 weeks the advancement of
the projects.

In conclusion, the group lead by Prof. K. Ike-
naka is extremely active. I have appreciated the
constant worry of tackling original approaches and
often on difficult biological problems. My final con-
clusion is that this lab should be encouraged to
pursue and be given the support to conduct suc-

cessfully the developed projects.

Institut National de la Santé et de la Recherche Médicale (INSERM) U-711

Hopital de la Salpétriere
75651 Paris cedex, France
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2.1 Michigan 00O Kenneth L. Casey O O

GENERAL COMMENTS AND SCOPE
OF REVIEW

I have chosen to focus on publications related to
pain as published from this Division within the 6
years including 2000-2005. I made this choice be-
cause of the limitations of my own expertise and
the very high level of productivity (approximately
17 papers per year or 1.3 per month) and diversity
of studies coming from this laboratory. Among
19 original pain-related publications through the
year 2000, I have summarized and commented on
the results of only the most recent 10 because of
space and time limitations. In addition, I have
summarized and commented upon 5 major tuto-
rial reviews published during this period because
it is my opinion that these provide a significant
contribution to the field and should be included in
any assessment of the Division’s productivity.

The Division attracts many postdoctoral schol-
students, and visiting scientists because

meth-

ars,
of the unique availability of several
ods of investigation. In addition to magne-
toencephalographic (MEG) and electroencephalo-
graphic (EEG/EP) methods, transcranial mag-
netic stimulation (TMS) and, more recently, func-
tional magnetic resonance imaging (fMRI) tech-
niques are used individually and in combination in
a variety of studies. The significance of the results
is buttressed by the fact that the human subjects of
these studies report on their experiences, leading
to interpretations based on the behavioral corre-
lates of neurophysiological events.

The great majority of these investigations is re-
ported in very good to excellent quality journals
and review publications, each with a very signifi-
cant scientific impact. Without taking a personal
survey, it is reasonable to assert that this Divi-
sion has an excellent reputation within the scien-

tific community within and beyond the particular
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field of investigation.

PAIN STUDIES
Original articles

Each of the articles summarized and commented
upon below reveals some important aspect of no-
ciceptive processing at the cerebral level in nor-
mal human subjects. Typically, one or more
methods of recording (MEG, EP, EEG) is used
in conjunction with some global manipulation of
cognitive state (sleep, attention, distraction) or
a stimulus-evoked modulation of nociceptive pro-
cessing, which is reflected in a parametric change
in the neurophysiological response. Because of the
high temporal resolution of these methods, changes
in response timing can be investigated and the
temporal, as well as spatial, flow of information
can be revealed. These physiological changes are
correlated, whenever possible, with changes in per-
ception as reported by the subjects participating in
the study. There are very few, if any, other labora-
tory sites that have the capacity to address many
of the issues that are covered by these investiga-
tions. More recently, functional imaging (fMRI)
has been incorporated into the design of these in-
vestigations, providing an even richer and more so-
phisticated analysis of cerebral functions because

of the spatial localization provided by fMRI.

1. Tamura Y. Hoshiyama M. Inui K. Nakata
H. Qiu Y. Ugawa Y. Inoue K. Kakigi R. Fa-
cilitation of A[deltal-fiber-mediated acute pain by
repetitive transcranial magnetic stimulation. Neu-
rology. 62(12):2176-81, 2004

SUMMARY:: The authors previously showed that
rTMS over the primary motor cortex (M1) inhib-
ited capsaicin-induced acute pain. Accordingly,
they investigated the effects of rTMS over M1 on

acute experimentally induced pain mediated by



Adelta-fibers as monitored by laser evoked poten-
tials (LEPs). They found that 1-Hz rTMS over M1
significantly aggravated the subjective pain and
enhanced the positively correlated N2-P2 ampli-
tudes compared with sham or control sessions. The
facilitatory effect of repetitive transcranial mag-
netic stimulation on Adelta-fiber-mediated pain
suggests a modulatory effect of M1 cortex on pain

perception.

2. Wang X. Inui K. Qiu Y. Kakigi R. Cortical
responses to noxious stimuli during sleep. Neuro-
science. 128(1):177-86, 2004.

SUMMARY: The
cephalography (MEG) to study the effects of sleep

authors used magnetoen-
on cortical responses to noxious stimuli. Noxious
intra-epidermal electrical stimulation, which selec-
tively activates A-delta fibers, was applied to the
dorsum of the left hand. They identified one main
component (140-160 ms) in the awake condition
and used multiple source analysis to show that this
main component was generated by activities in the
contralateral primary somatosensory cortex (SI),
bilateral secondary somatosensory cortex (SII) and
insular cortex, followed by a later component in
the medial temporal area (MT) and cingulate cor-
tex. Cortical responses in the contralateral SI, ip-
silateral SIT and MT, bilateral insula and cingulate
cortex were significantly enhanced in during atten-
tive wakefulness and the main component and later
responses were markedly attenuated during sleep.
These results suggest that all these cortical areas
are involved in the cognitive aspects of pain per-

ception.

3. Qiu Y. Inui K. Wang X. Nguyen BT. Tran
TD. Kakigi R. Effects of distraction on magne-
toencephalographic responses ascending through
C-fibers in humans.
115(3):636-46, 2004

SUMMARY: The

cephalography (MEG) to evaluate cerebral re-

Clinical Neurophysiology.
authors

used magnetoen-

sponses to laser stimuli that specifically excited
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C-fibers during attention and distraction. They
found that the primary and secondary somatosen-
sory coritices (SI and S2) and the insula were the
main generators for the primary component with a
peak latency of 744 ms. The cingulate cortex and
medial temporal area were also activated as shown
by a second component with a mean peak latency
of 947 ms. During a mental distraction task, all
sources were significantly reduced in amplitude,
but the Sll-insula and cingulate cortex were more
affected than SI the medial temporal cortex. These
results suggest that these regions, which are ac-
tivated by C-fiber stimulation, are related to the

cognitive aspect of second pain perception.

4. Nakata H. Inui K. Wasaka T. Tamura
Y. Tran TD. Qiu Y. Wang X. Nguyen TB.
Kakigi R. Movements modulate cortical activities
evoked by noxious stimulation. Pain. 107(1-2):91-
8, 2004

SUMMARY: In this
(MEG) study, the authors showed that active

movement of the hand ipsilateral to the side of nox-

magnetoencephalography

ious laser stimulation resulted in significant atten-
uation of both primary and secondary somatosen-
sory cortices (SI and SII) in the hemisphere con-
tralateral to the stimulated hand (c¢SI and cSII).
Activity in the hemisphere ipsilateral to the side
of stimulation (iSII) was not affected. However,
movement of the hand contralateral to the side of
noxious stimulation resulted in significant attenu-
ation of ¢SII while activity in ¢SI and iSII was not
affected. Passive movement of the hand ipsilateral
to the side of noxious stimulation resulted in sig-
nificant attenuation of ¢SI while leaving activity in
¢SII and iSII unaffected. Changes in stimulus per-
ception were similar to the amplitude changes of
cSII. These results suggest that inhibition in ¢SI is
due to an interaction in SI by the signals ascending
from the stimulated and moving hand. Inhibition
in ¢SII is probably due to movement execution as-
sociated with a specific attention effect which in-

fluences pain perception.



5. Inui K. Wang X. Qiu Y. Nguyen BT.
Ojima S. Tamura Y. Nakata H. Wasaka T.
Tran TD. Kakigi R. Pain processing within the
Eu-
ropean Journal of Neuroscience. 18(10):2859-66,
2003.

SUMMARY: In this MEG study, the authors found

that noxious epidermal electrical stimulation (ES)

primary somatosensory cortex in humans.

and innocuous transcutaneous electrical stimula-
tion (TS) activated two sources sequentially within
SI: one in the posterior bank of the central sulcus
and another in the crown of the postcentral gyrus,
corresponding to Brodmann’s areas 3b and 1, re-
spectively. The major finding of interest was that
responses in area 3b consisted of 20- and 30-ms
responses but there were no detectable activations
within area 3b following noxious stimulation. Nox-
ious stimulation activated one source within SI but
this was similar in location and orientation to that
of the TS-activated area 1 source, which consisted
of three components peaking at 88, 98 and 109
ms, later by 60 ms than the corresponding TS re-
sponses. The latency of the SII activity following
ES (109 ms) was later by 29 ms than that of the
first SI response (80 ms). The results showed that
the processing of noxious and innocuous stimuli is
similar with respect to the source locations and ac-
tivation timings within SI and SIT except for the

absence of nociceptive responses in area 3b of S1.

6. Qiu Y. Fu Q. Wang X. Tran TD. Inui K.
Iwase S. Kakigi R. Microneurographic study of
C fiber discharges induced by CO4 laser stimula-
tion in humans. Neuroscience Letters. 353(1):25-
8, 2003.

SUMMARY: This paper presented confirmatory
evidence that an ordinary CO; laser could be used
They
applied weak COs laser beams applied to a tiny

to selectively activate cutaneous C fibers.

skin area through a filter with multiple small per-
forations while performing microneurography. The
mean conduction velocity of five stable single units
was well within the C fiber range (1.1 £ 0.3 m/s).
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The mean latency of the positive peak of cerebral
potentials evoked by the same stimulus was 1327.4
+ 46.2 ms.

7. Tran TD. Hoshiyama M. Inui K. Kakigi
R. Electrical-induced pain diminishes somatosen-
sory evoked magnetic cortical fields. Clinical Neu-
rophysiology 114(9):1704-14, 2003.

SUMMARY: The authors used a conditioning
stimulus (CS) and test stimulus (TS) paradigm to
show that both painful CS (PCS) and non-painful
CS (NPCS) attenuated the response of the late,
but not the early, components of the somatosen-
sory evoked response (SEF). This showed that
the early components of the median nerve SEF
were affected by a preceding painful stimulation
much more than a non-painful stimulus given on
the median nerve, and that the sensory gating ef-
fect of a painful stimulation on tactile sensation
lasted longer than that of a non-painful stimula-
tion. These findings suggested the existence of
a thalamic or cortical ’touch gate’ as has been
described by others bases on psychophysical evi-

dence.

8. Wang X. Inui K. Qiu Y. Hoshiyama M.
Tran TD. Nguyen TB. Kakigi R. Effects of
sleep on pain-related somatosensory evoked mag-
netic fields in humans. Cognitive Brain Research.
17(2):388-99, 2003

SUMMARY: In this MEG investigation, the au-
thors identified significant sleep-related changes in
the cerebral responses to electrical cutaneous stim-
uli specifically exciting A-beta and A-delta (pain)
fibers.
5M) were identified following both non-painful and

During waking, five components (1M-

painful stimulation, but the longer latency 4M and
5M components were significantly enhanced fol-
lowing painful stimulation. During sleep, 1M and
2M generated in the primary somatosensory cor-
tex (SI) were unchanged in amplitude, 3M in SI
showed a slight but significant amplitude reduc-
tion, and 4M and 5M generated in both SI and the



secondary somatosensory cortex (SII) were signifi-
cantly decreased in amplitude or disappeared. The
selective effect of sleep on the 4M and 5M compo-
nents is consistent with the role of these generators

in pain-related cognitive function.

9. Inui K. Tran TD. Qiu Y. Wang X.
Hoshiyama M. Kakigi R. A comparative mag-
netoencephalographic study of cortical activations
evoked by noxious and innocuous somatosensory
stimulations. Neuroscience. 120(1):235-48, 2003.

SUMMARY: In this MEG study, the authors
showed that cortical processing of noxious and in-
nocuous stimuli was similar except for the 60 ms
longer latency of the noxious response. This de-
lay was attributable to the difference in periph-
eral conduction velocity mediating noxious (Adelta
fiber) and innocuous (Abeta fiber) inputs. The
first cortical activity evoked by both ES and TS
was in the contralateral primary somatosensory
cortex (SI). Delayed responses appeared in the bi-
lateral secondary somatosensory cortex (SII), insu-
lar cortex, cingulate cortex, anterior medial tem-
poral area and ipsilateral SI. The results suggest
that cortical processing of noxious and innocuous
stimuli is similar in SI and SII, but different in

insular cortex.

10. Wang X. Imui K. Qiu Y. Hoshiyama
M. Tran TD. Kakigi R. Effects of sleep on
pain-related somatosensory evoked potentials in
humans. Neuroscience Research. 45(1):53-7, 2003
SUMMARY: In this evoked potential investiga-
tion, the authors showed that responses to both
A-beta (touch) and A-delta (pain) fibers can be
recorded simultaneously. During waking, non-
painful stimulation evoked early- and middle la-
tency components at the C4 electrode and painful
stimulation additionally evoked later pain-specific
components, at the Cz electrode. During sleep,
the early components were unchanged in ampli-
tude, but the later components were significantly

decreased in amplitude or disappeared. The au-
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thors suggest that the early components are re-
lated to A-beta activity and the late components
to A-delta activity and are closely related to cog-

nitive function.

Other pain-related investigations

Of particular note among these 9 publications
is the development, by members of this Division,
of a method for selectively stimulating the un-
myelinated C somatic afferent fibers in humans.
This development has led to numerous investiga-
tions comparing the cerebral responses to C fibers,
which are associated with chronic pain, with those
evoked by the “ fast” finely myelinated A-delta

fibers mediating acute pain.

11. Qiu Y. Inui K. Wang X. Tran TD. Kakigi
R. Effects of attention, distraction and sleep on
CO(2) laser evoked potentials related to C-fibers in
humans. Clinical Neurophysiology. 113(10):1579-
85, 2002

12. Tran TD. Inui K. Hoshiyama M. Lam K.
Qiu Y. Kakigi R. Cerebral activation by the sig-
nals ascending through unmyelinated C-fibers in
humans: a magnetoencephalographic study. Neu-
roscience. 113(2):375-86, 2002.

13. Inui K. Tran TD. Hoshiyama M. Kakigi
R. Preferential stimulation of Adelta fibers by
intra-epidermal needle electrode in humans. Pain.
96(3):247-52, 2002

14. Inui K. Tran TD. Qiu Y. Wang X.
Hoshiyama M. Kakigi R. Pain-related mag-
netic fields evoked by intra-epidermal electrical
stimulation in humans. Clinical Neurophysiology.
113(2):298-304, 2002.

15. Tran TD. Inui K. Hoshiyama M. Lam K.
Kakigi R. Conduction velocity of the spinotha-
lamic tract following COs laser stimulation of C-
fibers in humans. Pain. 95(1-2):125-31, 2002



16. Qiu Y. Inui K. Wang X. Tran TD. Kakigi
R. Conduction velocity of the spinothalamic tract
in humans as assessed by CO(2) laser stimulation
of C-fibers. Neuroscience Letters. 311(3):181-4,
2001.

17. Tran TD. Lam K. Hoshiyama M. Kakigi
R. A new method for measuring the conduction
velocities of Abeta-, Adelta- and C-fibers follow-
ing electric and CO(2) laser stimulation in humans.
Neuroscience Letters. 301(3):187-90, 2001.

18. Yamasaki H. Kakigi R. Watanabe S.
Hoshiyama M. Effects of distraction on pain-
related somatosensory evoked magnetic fields and
potentials following painful electrical stimulation.
Cognitive Brain Research. 9(2):165-75, 2000

19. Hoshiyama M. Kakigi R. After-effect
of transcutaneous electrical nerve stimulation
(TENS) on pain-related evoked potentials and
magnetic fields in normal subjects. Clinical Neu-
rophysiology. 111(4):717-24, 2000

Review articles

Professor Kakigi is the primary author of the
following review articles, which reflects his critical
role as the intellectual leader of the Division. Each
of these reviews summarizes the important results
of the pain-related studies conducted within the
Division and thus serves the wider scientific com-
munity within and outside the immediate area of
study. These reviews demonstrate the truly inte-
grative nature of the studies conducted by the Di-
vision because pain measurement is combined with
EEG, MEG and rTMS techniques, sometimes in a
single study.

1. Kakigi R. Inui K. Tamura Y. Electrophysio-
logical studies on human pain perception. Clinical
Neurophysiology. 116(4):743-63, 2005.

SUMMARY: This review covered the recent

progress in electrophysiological studies using elec-
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troencephalography (EEG), magnetoencephalog-
raphy (MEG) and repetitive transcranial mag-
netic stimulation (rTMS) on human pain percep-
tion. The authors noted that EEG and MEG find-
ings following C fiber stimulation were similar to
those following A delta fiber stimulation except
for a longer latency. Interestingly, rTMS allevi-
ated acute pain induced by intracutaneous injec-
tion of capsaicin but enhanced acute pain induced
by laser stimulation. The authors suggested that
rTMS method might well be used for the evalua-

tion of continuous tonic pain.

2. Kakigi R. Inui K. Tran DT. Qiu Y.
Wang X. Watanabe S. Hoshiyama M. Hu-
man brain processing and central mechanisms
of pain as observed by electro- and magneto-
encephalography. Journal of the Chinese Medical
Association: JCMA. 67(8):377-86, 2004.

SUMMARY: This review covered the recent
progress of electroencephalography (EEG) and
magnetoencephalography (MEG) in elucidating
pain perception mechanisms in humans. The au-
thors noted that the S1, S2, and insular cortices
were activated in parallel at nearly the same la-
tency. This was followed by activation of the cin-
gulate cortex and medial temporal area around
the amygdala and hippocampus. The results sug-
gested that SI plays a main role in localization
of the stimulus point, while the SII and insula
mediate pain perception, and the cingulate and
MT subserve the cognitive or emotional aspects
of pain perception. Using their newly developed
method for evoking C fiber activity specifically,
they observed that MEG findings following C fiber
stimulation were similar to those following Adelta
fiber stimulation except that sleep and attention
affected C fiber responses more than Adelta fiber

responses.

3. Kakigi R. Tran TD. Qiu Y. Wang
X. Nguyen TB. K. Watanabe S.

Hoshiyama M. Cerebral responses following

Inui



stimulation of wunmyelinated C-fibers in hu-
mans:
study. Neuroscience Research. 45(3):255-75, 2003
SUMMARY: This review summarizes the EEG

and MEG results obtained by applying a low inten-

electro- and magneto-encephalographic

sity COq laser beam to a spatial filter to selectively
stimulate unmyelinated C fibers in human skin.
This method was developed in this laboratory (see
original articles). The computed conduction veloc-
ities (CV) of C and A-delta fibers is consistent with
the results obtained by neuronographic studies in
humans. Following C fiber stimulation, primary
and secondary somatosensory cortices (SI and SIT)
are simultaneously activated in the cerebral hemi-
sphere contralateral to the stimulation, and SII
is activated also in the hemisphere ipsilateral to
the stimulation. Later responses are recorded by
EEG in limbic systems (insula and cingulate cor-
tex). The possible clinical utility of these recording

and stimulating methods is discussed.

4. Kakigi R. Watanabe S. Yamasaki
H. Pain-Related somatosensory evoked potentials.
Journal of Clinical Neurophysiology. 17(3):295-
308, 2000
SUMMARY:: The authors reviewed basic and clin-
ical reports of pain-related somatosensory evoked
potentials (SSEP) after high-intensity electrical
stimulation [pain SSEP(E)] and painful laser stim-
ulation [pain SSEP(L)]. The generator sources are
considered to be the secondary somatosensory cor-
tex and insula, and the limbic system, including
the cingulate cortex, amygdala, or hippocampus of
the bilateral hemispheres. The latencies and am-
plitudes are clearly affected by vigilance, attention-
distraction, and various kinds of stimulation ap-
plied simultaneously with pain. The authors sug-
gest that combining the study of pain SSEP(L) and
conventional SSEP may be useful to detect physio-
logic and subclinical abnormalities in patients with

peripheral and central nervous system lesions.

5. Kakigi R. Hoshiyama M. Shimojo M.
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Naka D. Yamasaki H. Watanabe S. Xiang
J. Maeda K. Lam K. Itomi K. Nakamura
A. The somatosensory evoked magnetic fields.
Progress in Neurobiology. 61(5):495-523, 2000

SUMMARY: This paper reviews the results of
studies using magnetoencephalography (MEG) to
record somatosensory evoked magnetic field(s)
(SEF) in humans. The generator sites are consis-
tent with the somatotopic organization detected
in cortical stimulation studies. They also sum-
marized gating effects, the clinical applications of
SEF, and evidence for cortical plasticity in the S1
cortex. Pain-related responses, which are recorded
150 ms or later after the stimulus, are obtained in
the bilateral SII and the limbic system. The newly-
developed multi (12)-channel gradiometer system
with high resolution superconducting quantum in-
terference device (micro-SQUID), which is able to
detect the magnetic fields of a human peripheral

nerve, is discussed.

SOMATOSENSORY STUDIES NOT RE-
LATED TO PAIN

The 24 studies listed here each deal with some
aspect of the cerebral processing of somatosen-
sory information, its temporal and spatial orga-
nization, and its modulation by cognitive and/or
sensory interference. All studies are published in
peer-reviewed journals or review publications and
contribute new information about the cerebral pro-
cessing of somesthetic functions in humans. Sev-
eral of these articles are related indirectly to the
processing of nociceptive information as well but
deal primarily with tactile or proprioceptive and

kinesthetic functions.

Akatsuka K. Wasaka T. Nakata H. Inui
K. Hoshiyama M. Kakigi R. Mismatch re-
sponses related to temporal discrimination of so-
matosensory stimulation. Clinical Neurophysiol-

ogy. 116(8):1930-7, 2005 Aug.

Nakata H. Inui K. Wasaka T. Tamura Y.



Kida T. Kakigi R. Effects of ISI and stimu-
lus probability on event-related go/nogo poten-
tials after somatosensory stimulation. Experimen-
tal Brain Research. 162(3):293-9, 2005 Apr.

Wasaka T. Nakata H. Kida T. Kakigi R. Gat-
ing of SEPs by contraction of the contralateral ho-
mologous muscle during the preparatory period of
self-initiated plantar flexion. Cognitive Brain Re-
search. 23(2-3):354-60, 2005 May.

Nguyen BT. Tran TD. Hoshiyama M. Inui
K. Kakigi R. Face representation in the human
primary somatosensory cortex. Neuroscience Re-

search. 50(2):227-32, 2004 Oct.

Tamura Y. Hoshiyama M. Inui K. Nakata
H. Wasaka T. Ojima S. Inoue K. Kakigi
R. Cognitive processes in two-point discrimina-
tion: an ERP study. Clinical Neurophysiology.
115(8):1875-84, 2004 Aug.

Inui K. Wang X. Tamura Y. Kaneoke Y.
Kakigi R. Serial processing in the human so-
matosensory system. Cerebral Cortex. 14(8):851-
7, 2004 Aug.

Hoshiyama M. Kakigi R. Tamura Y. Tempo-
ral discrimination threshold on various parts of the
body. Muscle & Nerve. 29(2):243-7, 2004 Feb.

Nakata H. Inui K. Nishihira Y. Hatta A.
Sakamoto M. Kida T. Wasaka T. Kakigi R.
Effects of a go/nogo task on event-related poten-
tials following somatosensory stimulation. Clinical
Neurophysiology. 115(2):361-8, 2004 Feb.

Wasaka T. Hoshiyama M. Nakata H. Nishi-
hira Y. Kakigi R. Gating of somatosensory
evoked magnetic fields during the preparatory pe-
riod of self-initiated finger movement. Neuroim-
age. 20(3):1830-8, 2003 Nov.
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Hoshiyama M. Kakigi R. Changes in so-
matosensory evoked responses by repetition of the
median nerve stimulation. Clinical Neurophysiol-
ogy. 114(12):2251-7, 2003 Dec.

Kakigi R. Naka D. Okusa T. Wang X. Inui
K. Qiu Y. Tran TD. Miki K. Tamura Y.
Nguyen TB. Watanabe S. Hoshiyama M.
Sensory perception during sleep in humans: a
magnetoencephalograhic study. Sleep Medicine.

4(6):493-507, 2003 Nov.

Nihashi T. Kakigi R. Hoshiyama M. Miki
K. Kajita Y. Yoshida J. Yatsuya H. Effect
of tactile interference stimulation of the ear in hu-
man primary somatosensory cortex: a magnetoen-
cephalographic study. Clinical Neurophysiology.
114(10):1866-78, 2003 Oct.

Nakata H. Inui K. Wasaka T. Nishihira Y.
Kakigi R. Mechanisms of differences in gating
effects on short-and long-latency somatosensory
evoked potentials relating to movement. Brain To-
pography. 15(4):211-22, 2003.

Lam K. Kaneoke Y. Kakigi R. Human cortical
response to incoherent motion on a background of

coherent motion. Neuroscience Letters. 347(1):41-
4, 2003 Aug 14.

Tamura Y. Hoshiyama M. Inui K. Kakigi R.
Central mechanisms for two-point discrimination
in humans. Neuroscience Letters. 342(3):187-90,
2003 May 22.

Nihashi T. Kakigi R. Okada T. Sadato N.
Kashikura K. Kajita Y. Yoshida J. Functional
magnetic resonance imaging evidence for a repre-
sentation of the ear in human primary somatosen-
sory cortex: comparison with magnetoencephalog-
raphy study. Neuroimage. 17(3):1217-26, 2002
Nov.



Hoshiyama M. Kakigi R. New concept for
the recovery function of short-latency somatosen-
sory evoked cortical potentials following me-
dian nerve stimulation. Clinical Neurophysiology.
113(4):535-41, 2002 Apr.

Itomi K. Kakigi R. Hoshiyama M. Watan-
abe K. A unique area of the homonculus: the
topography of the primary somatosensory cortex
in humans following posterior scalp and shoulder

stimulation. Brain Topography. 14(1):15-23, 2001.

Hoshiyama M. Kakigi R. Two evoked responses
with different recovery functions in the primary
somatosensory cortex in humans. Clinical Neuro-
physiology. 112(7):1334-42, 2001 Jul.

Hoshiyama M. Kakigi R. Correspondence be-
tween short-latency somatosensory evoked brain
potentials and cortical magnetic fields following
median nerve stimulation. Source Brain Research.

908(2):140-8, 2001 Jul 27.

Lam K. Kakigi R. Mukai T. Yamasaki H. At-
tention and visual interference stimulation affect

somatosensory processing: a magnetoencephalo-

graphic study. Neuroscience. 104(3):689-703,
2001.
Nihashi T. Kakigi R. Kawakami O.

Hoshiyama M. Itomi K. Nakanishi H. Ka-
jita Y. Inao S. Yoshida J. Representation of
the ear in human primary somatosensory cortex.

Neuroimage. 13(2):295-304, 2001 Feb.

Hoshiyama M. Kakigi R. Vibratory stimulation
of proximal muscles does not affect cortical compo-
nents of somatosensory evoked potential following
distal nerve stimulation. Clinical Neurophysiology.
111(9):1607-10, 2000 Sep.

Itomi K. Kakigi R. Maeda K. Hoshiyama M.

Dermatome versus homunculus; detailed topogra-
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phy of the primary somatosensory cortex follow-
ing trunk stimulation. Clinical Neurophysiology.
111(3):405-12, 2000 Mar.

OTHER STUDIES PUBLISHED 2000-2005

By my count, there are 51 articles (not listed
here) in this category of studies ranging from inves-
tigations of the visual, auditory, speech, and move-
ment systems as well as various cognitive studies.
All are related to the overarching theme of sensory-
motor integration and, as a group, contribute sig-
nificant information relevant to each of the respec-

tive fields of study.

OVERALL EVALUATION AND RECOM-
MENDATION

The Division of Sensori-Motor Integration is re-
markably productive both in terms of numbers of
publications and their overall quality. Each of the
99 papers produced during the 2000-2005 period
covered by this review contributes unique and new
information about the cerebral processing of sen-
sory and motor information and the associated
cognitive functions that modulate this processing.
The scientific personnel make creative and efficient
use of the facilities available to them. Of particular
note is the recent incorporation of fMRI into the
design of the more recent studies that have been
published in abstract and/or submitted for pub-
lication. The use of functional brain imaging in
conjunction with MEG, EEG, and TMS methods
will enhance even further the already substantial
reputation of this Division.

My only recommendation is that, given this
prodigious capacity for generating large amounts
of complex data, special attention should be given
to addressing problems that have maximum the-
oretical impact on the broad conceptual area of
information processing in the brain. Perhaps the
most difficult part of science is to identify the ques-
tions, and to design the experiments, that have a
level of impact extending beyond adding incremen-

tal bits to an already massive amount of informa-



tion. If any laboratory has the capacity to do this,

it is this Division of Sensori-Motor Integration.

Respectfully,

Kenneth L. Casey, M.D.

Professor Emeritus/A of Neurology

Professor Emeritus of Molecular and Integrative Physiology

University of Michigan

Consulting Neurologist

Veteran’s Affairs Medical Center
Ann Arbor, Michigan, 48105 U.S.A.
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1. Tamura Y, Hoshiyama M, Inui K, Nakata H,
Qiu Y, Ugawa Y, Inoue K, Kakigi R: Facilitation
of Aldeltal-fiber-mediated acute pain by repeti-
tive transcranial magnetic stimulation. Neurology,
62(12):2176-2181, 2004
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2. Wang X, Inui K, Qiu Y, Kakigi R: Cortical

responses to noxious stimuli during sleep. Neuro-
science, 128(1):177-186, 2004.

O000COODODODOOMagnetoencephalography:
MEGOOOOOOOOOOOOODOOOOOOOO
Oo000oDoDoooooooooOoAsSODOOOO
djdddododoouououoooooooooooo
0000000000 0000 140-160ms 0000
MEGUOOOOOOODOODOOOOODOOOOOO
O00oo00opDooooooooooooosSimo
O000000ooooSIHMmOoOdoOinsulad 00O
oo ogouogggg
0oo00ooooooooooooooMTOOOO
0 O cingulate cortexO O OO0 O0OO0OOOSIOOOOO
SlicMTOOOOOODOOOOOOOOoOoOooOon

goboooobooooboboobbooobobooon

cooboobobOooobobOoboooooboooo
coobooooobobooobooonooboboo

3. Qiu Y, Inui K, Wang X, Nguyen BT, Tran
TD, Kakigi R: Effects of distraction on magne-

toencephalographic responses ascending through

C-fibers in humans.
115(3):636-646, 2004.
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4. Nakata H, Inui K, Wasaka T, Tamura Y, Tran
TD, Qiu Y, Wang X, Nguyen TB, Kakigi R: Move-

ments modulate cortical activities evoked by nox-

Clinical Neurophysiology,

ious stimulation. Pain, 107(1-2):91-98, 2004
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5. Inui K, Wang X, Qiu Y, Nguyen BT, Ojima S,
Tamura Y, Nakata H, Wasaka T, Tran TD, Kakigi
R: Pain processing within the primary somatosen-
sory cortex in humans. European Journal of Neu-
roscience, 18(10):2859-2866, 2003.
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6. Qiu Y, Fu Q, Wang X, Tran TD, Inui K, Iwase
S, Kakigi R: Microneurographic study of C fiber
discharges induced by COs laser stimulation in hu-
mans. Neuroscience Letters, 353(1):25-28, 2003.
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7. Tran TD, Hoshiyama M, Inui K, Kakigi R:
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3.3 New South Wales O O Andrew J Moorhouse O O

I was asked by Professor Mizuno to write an
evaluation report on the research activities in the
Okazaki Institute for Integrative Bioscience, De-
partment of Development, Differentiation and Re-
generation, Section of Developmental Neurophysi-
ology. Considering the wonderful hospitality that
NIPS showed to me during my 3 months in Okazaki
as a visiting professor, and being interested to
learn new aspects of cellular physiology and neuro-
science, I was very happy to accept this task. This
report is based on my meeting with the laboratory
chairperson, Professor Yasushi Okamura, and his
laboratory staff, and on my appraisal of his pub-
lished papers and their significance. My own area
of expertise is in ion channel structure and func-
tion, particularly the inhibitory glycine receptor-
channel, an area only slightly related to some of
the fields of Professor Okamura’s studies.

Professor Okamura’s laboratory consists of a
number of different and somewhat overlapping re-
search fields, and currently consists of NIPS Asso-
ciate Professor Higashijima (neuronal wiring and
locomotion in zebrafish), NIPS Assistant Profes-
sor Iwasaki (voltage sensor and related proteins),
NIPS Assistant Professor Kukita (biophysics of
voltage gated channels in squid giant axon), OIIB
Research Fellow, Dr. Kurokawa (membrane pro-
tein biochemistry), JSPS Research Fellows Dr.
Murata (voltage sensor and related proteins), Dr
Nakayama (C1~ transporters) and Dr. Nishino (In-
verterbrate neuronal control of movement), NIPS
Research Fellow Dr. Kimura (neuronal wiring and
locomotion in zebrafish), a visiting postdoctoral
researcher Dr. Thomas McCormack (bioinformat-
ics and membrane protein structure-function) and
3 graduate research students.

Professor Okamura is clearly an international ex-
pert in the field of developmental neurobiology, es-
pecially regarding the development of cellular ex-
citability and ion channels in simple model organ-

isms, and has written a number of invited reviews
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in distinguished journals on this topic. Consider-
ing that Professor Okamura was only appointed as
a Professor at NIPS in 2000, and that his labora-
tory in the new Yamatte Institute was not ready
until 2-3 years ago, he has done very well to estab-
lish such a large and active research group. During
my visit I met most of these staff members and was
impressed by their enthusiasm for their research,
knowledge of their subject areas and friendliness.

Since 2002, Professor Okamura’s group has pub-
lished 12 full-length research articles and a further
4 review articles. This is not a particularly large
number of papers for a large group but, more im-
portantly, the journals in which they are published
are very prestigious, including Nature, Journal of
Cell Biology, Developmental Biology, and presti-
gious review journals such as Annual Reviews of
Neuroscience, Trends in Neurosciences, and Trends
in Pharmacological Sciences. Scientific journals
are often ranked by their “impact factors” which
reflect the number of times and duration that pa-
pers in these journals are read and cited by other
scientists. All of Professor Okamura’s papers have
been published in international journals with at
least a solid ranking (IF>2), with about half in
high quality (IF>5) or very high quality (IF>10)
journals. As he has now established a dedicated
and talented group within his lab, I would expect
this high quality output to continue and even in-
crease. For example, in 2005, his lab and associ-
ated colleagues have published 7 papers, all in high
quality or very high quality journals.

One of the highlights of the current research in
the Section of Developmental Neurophysiology is
their discovery and characterisation of a very novel
cellular protein, a voltage-sensitive phosphatase
(VSP). Cells usually contain a number of enzymes,
some of which regulate the hydrolysis of phos-
phate molecules that bind to and modulate many
other proteins (phosphatases). Cells use voltage-

dependent ion channels, membrane proteins that



respond to changes in the cell’s electrical poten-
tial to open a channel pore and allow ions to flow
across the cell membrane, to generate electrical
signals and thereby communicate to other nerves,
muscles or glands. While searching through the
genome of the ascidian, Ciona intestinalis, Profes-
sor Okamura’s group observed a gene that seemed
to combine features of both of these types of cellu-
lar proteins. The protein that it coded for was pre-
dicted to be a membrane-embedded protein with
a sensor for voltage, but instead of also contain-
ing a channel pore, seemed to contain instead a
phosphatase. They used a variety of molecular,
biochemical and electrophysiological techniques to
thoroughly characterise this novel VSP protein,
demonstrating that it did indeed possess phos-
phatase activity that was switched on and off by
This

was the first time such a protein has been dis-

changes in the cell’s membrane potential.

covered and opens up a new and very exciting
field of research. Such a VSP and related pro-
teins may play a role in coupling a cell’s electrical
activity to enzyme activity, provide local control
of phosphate levels close to the membrane and ef-
fector membrane proteins or provide an as yet un-
known additional means of trans-membrane signal-
ing. The paper was published in what many con-
sider to be scientific research’s top journal, Nature
(IF=32), in June 2005, and has already generated
two patents and a lot of interest in the scientific
community, including summary commentaries in a
number of major journals (Journal of Cell Biology,
Molecular Interventions and Science’s Stke) and
Professor Okamura has been invited to lecture on
this work at a number of major National symposia.
For example, Science’s Stke referred to this as “a
remarkable discovery” and Molecular Interventions
remarked that it will begin “an exciting area of fu-
This novel VSP was found in C.

intestinalis sperm, but the genes for similar pro-

ture research”.

teins exist in a number of other species including
humans. The challenges for Professor Okamura

and his colleagues will now be to; provide more
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precise and additional detail about the biophysi-
cal and molecular mechanisms by which changes in
cell potential lead to changes in enzyme activity;
to provide information on the typical substrates
that the enzyme acts on and the physiological role
of the VSP and its human homologs; and to utilize
this basic discovery by developing technologies or
novel therapeutics that can result in some real ben-
efit to humans. From my discussions with his lab-
oratory, I could see that they are making progress
towards these goals of further basic descriptions of
how VSP works and in clinical and/or biotechno-
logical applications. For example, they have de-
veloped a more direct assay to identify the enzyme
substrates, they are investigating the possibility of
modulators of the voltage sensor protein as treat-
ments for certain forms of cancer when the human
homologs appear to become active, and they are
investigating ways to couple the enzyme activity
to fluorescent proteins as a novel way of visual-
ising changes in membrane potential and cellular
excitability. T wish them well with this endeavour
and would expect that more high impact publica-
tions and interesting results should be forthcom-
ing. However this has now become, I would imag-
ine, a very active and “hot” field, so staying at the
forefront of progress will require much dedication
and hard work, with possible further benefits from
expanded collaborations.

Another very pleasing aspects of this research is
that it is another excellent example where good
quality and basic research in an area that some
may consider less important, that is the genome
and developmental neurobiology of ascidian lar-
vae, has resulted in a novel discovery that can have
some potential real benefits for human physiology
and medicine. I commend the funding bodies for
continuing to support this sort of very basic re-
search into model organisms.

While the novel voltage sensor protein is an ex-
citing discovery that should be the laboratories
main focus over the next few years, some addi-

tional interesting research projects were underway



in the lab. I found the developmental biology of lo-
comotion and its control in different model organ-
isms, zebrafish and plankton, particularly exciting.
In the zebrafish model organism, one can actually
generate transgenic fish in which specific popula-
tions of neurons that are involved with the control
of movement can be visualized and studied in vivo.
Such an approach is not technically possible in any
mammalian system. Questions regarding the elec-
trical and chemical properties of these neuronal
populations, their connections and role in control-
ling movement, and how these may change over
development, can be asked with the answers likely
to provide a basic framework for thinking about
mammalian locomotor control and development.
The zebrafish has long been used as a model for
developmental neurobiology and genetics and as
such, the proposed studies need to be able to offer
something new , the lab appears to be doing this
by concentrating on in vivo recording of function
in identified neuronal populations. The powerful
technique of transgenic zebrafish, developed by Dr.
Higashijima and colleagues, can in theory enable
any protein of interest to be introduced into spe-
cific neuronal populations and further advances in
understanding cellular physiology in vivo may also
result from this approach. In the plankton stud-
ies, the lab is quantifying movement patterns us-
ing cameras and sophisticated image software, and
then identifying and characterising the nerves and
muscles that control and mediate these motor be-
haviours. Very little previous work has been done
on plankton locomotion and the opportunity exists
to use the combination of behaviour, muscle and
nerve physiology to result in an almost complete
understanding of the different motor behaviours
and their underlying neuronal circuits, thus pro-
viding a very valuable model for locomotion and
its control. As demonstrated by the above VSP
studies, such basic studies can reveal unexpected

applications for human medicine, although the lab

Andrew J Moorhouse, BSc PhD
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should also be vigilant for how their studies on
these model organisms may have wider implica-
tions in other disciplines. Additional projects are
investigating membrane Cl~ transporters and volt-
age dependent Na™ channels, again using a combi-
nation of molecular, imaging and electrophysiolog-
ical techniques, to study developmental and cellu-
lar localisation of these proteins and their physio-
logical functions.

The research into model organisms such as as-
cidians, plankton and giant squid axons has been
facilitated by the valuable NIPS facility of the ma-
rine station at Ine village, in the northern part of
Kyoto prefecture. Professor Okamura also man-
ages this research station, which is a valuable re-
source for all the staff at NIPS to utilize, not only
for traditional electrophysiological studies on the
more accessible large nerves of invertebrates, but
also for combined genomic, behavioural and phys-
iological studies that can be done in these simpler
systems and can potentially result in very interest-
ing and important discoveries.

In summary, Professor Okamura’s laboratory is
involved with a diverse range of exciting studies
into developmental and cellular neurobiology us-
ing cutting edge molecular, imaging and electro-
physiological techniques. The laboratory has pro-
duced an output over the past 5 years of very high
quality. This year they have made a remarkable
discovery of a novel class of VSP membrane pro-
teins that has opened up a new field of cellular
physiological research with potential real clinical
and/or biotechnological benefits for humans. The
staff are very dedicated and knowledgeable in their
fields, and I would expect a continued, and even
increased, scientific output over the next 5 years.
I found it both interesting and enjoyable meeting
Professor Okamura and the lab members and dis-
cussing their research. I wish them the very best
of luck and hope that they work hard to achieve

further scientific advances. Gambatte kudasai!



Membrane Biophysics Laboratory,
School of Medical Sciences,

The University of New South Wales,
Sydney, Australia.
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