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JERBFES AR 220 33 364 30 79 18 744

BT AR A 9,800,000 1,132,740 9,199,100 1,120,000 2,130,000 | 1,200,000 24,581,840

i Ee A TR 8,855,800 1,334,780 9,051,150 1,287,260 2,621,260 | 1,182,940 24,333,190
2004 EJE

E3NES 26 10 21 12 18 5 92

HRZES AR 195 41 271 27 90 16 640

RE T R AR 9,406,000 2,285,000 8,500,000 1,120,000 2,130,000 | 1,200,000 24,641,000

R R 5,676,560 590,270 8,365,430 1,122,320 2,130,010 | 1,209,956 19,094,546
2005 4

PRI 34 29 26 10 11 6 116

HEFEIFES AR 201 126 439 29 42 19 856

R R DR 9,453,340 6,117,180 | 10,650,000 1,304,000 2,046,020 | 1,352,000 30,922,540

kBT 7,554,280 2,629,500 | 10,982,770 1,254,600 427,910 | 1,042,240 23,891,300
2006 4%

PR 36 27 25 14 13 7 122

ILFEIFES M B 266 108 449 41 45 25 934

BT AR A 9,667,554 3,690,802 | 11,500,000 1,639,180 1,520,840 | 1,403,460 29,421,836

& AR 7,658,620 1,983,710 | 10,769,300 1,562,180 357,720 | 1,040,000 23,371,530
2007 EJE

2GRS 33 27 26 13 19 7 125

HRZESIMAR 212 109 415 47 62 16 861

REET F R 9,307,802 5,136,620 | 12,109,940 1,799,060 2,047,140 | 1,318,506 31,719,068

REEF TR 6,059,270 2,721,340 | 10,575,860 1,678,080 726,960 420,160 22,181,670
2008 4

BEREEL 35 30 25 1 13 15 7 126

HEEIFES AR 184 124 495 11 36 62 14 926

B R R 9,355,910 5,118,530 | 11,926,400 750,000 | 1,959,040 2,975,440 | 1,060,446 33,145,766

THRE AL Z I 23 A 4,500,000 4,200,000 - - 650,000 650,000 350,000 10,350,000
2009 JE

PR 37 37 25 1 14 16 7 137

LE RS IR 186 114 422 21 42 53 17 855

T B SR o A 8,663,280 6,272,913 | 12,079,660 750,000 | 2,225,400 1,922,024 938,140 32,851,417

THRE A 2 il 7 R 5,400,000 5,550,000 - - 700,000 550,000 350,000 12,550,000
2010

2GRS 43 32 22 2 21 19 6 5 150

HFEPFZES AR 165 127 365 13 73 75 18 14 850

REET F i AR 8,456,670 7,617,008 | 10,788,180 750,000 | 3,422,100 2,995,060 912,740 | 750,000 | 35,691,758

AR TE ] 0 AR 4,950,000 7,156,000 - - | 1,050,000 750,000 300,000 - | 14,206,000
2011 %

BEREEL 41 43 23 1 19 26 7 9 169

ILESESINAE 187 151 386 10 76 98 17 14 939

R R R 8,654,774 8,714,130 | 11,982,360 450,000 | 3,035,450 3,759,700 | 1,246,160 | 450,000 | 38,292,574

THRE AL Ze 23 A 4,950,000 6,942,000 - - 850,000 950,000 350,000 - | 14,042,000
2012 JE

PRI 44 44 21 1 18 33 - - 0 161

HRBFZESIAR 183 158 356 15 70 130 - - 0 912

T2 SR o A 9,246,760 | 10,541,760 | 10,127,680 750,000 | 3,250,714 | 6,314,550 - - 0 | 40,231,464

T RE A 2 i 7 R 5,700,000 9,952,000 - - 900,000 | 1,400,000 - - 0 | 17,952,000
2013 EJE

PRI 34 53 20 2 17 26 - - 0 152

HHEBFZESIMAR 173 190 298 19 58 92 - - 0 830

RET H R A7 7,372,710 | 10,697,270 8,793,860 | 1,500,000 | 3,007,200 | 4,375,910 - - 0 | 35,746,950

AR TE i 0 AR 4,950,000 | 11,302,000 - - 850,000 | 1,200,000 - - 0 | 18,302,000
2014 FEE

PR 38 73 19 2 10 25 - - 0 167

ILEZES A B 190 256 339 18 36 84 - - 0 923

R 8,150,230 | 11,399,190 9,433,630 | 1,500,000 | 1,537,080 | 3,941,860 - - 0 | 35,961,990

THRE AL Tl 23 A 5,250,000 | 11,602,000 - - 400,000 | 1,100,000 - - 0 | 18,352,000
2015 FE*

PRI 41 79 19 1 9 25 - - 0 174

HRBFZESIMAR 195 266 314 21 34 88 - - 0 918

T 2 Sl o A 9,944,400 | 13,911,750 9,236,490 750,000 | 1,566,320 | 5,663,804 - - 0 | 41,072,764

T RE A 2 i 7 R 6,000,000 | 13,252,000 - - 450,000 | 1,200,000 - - 0 | 20,902,000

* 2016 4£ 3 A 31 H BifE
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October 12, 2015

Wendy B. Macklin #3% (University of Colorado, USA)

Re: Review of the Division of Neurobiology and Bioinformatics

National Institute for Physiological Sciences

Reviewer: Wendy B. Macklin, Professor and Chair, Department of Cell and Developmental Biology,

University of Colorado School of Medicine, Aurora, Colorado

To whom it may concern:

Introduction: It is my pleasure to write the evalu-
ation report for Professor Kazuhiro Ikenaka. I am a
neuroscientist investigating the interactions of myeli-
nating glia and neurons in the developing and adult
nervous system. I have known Professor Ikenaka for
close to thirty years and have followed his research
carefully during this period, as his work has always

been extremely relevant to my own research.

I visited the laboratory for three days in September,
2015, and heard extensive reports on the work by dif-
ferent investigators in the group. Based on a detailed
report by Dr. Tkenaka, these interviews with the in-
vestigators in the laboratory, and the National In-
stitute of Physiological Sciences (NIPS) Annual Re-
port for 2015, I feel I have a strong understanding
of the ongoing work, which is clearly excellent. The
program in this group is very broad, addressing sig-
nificant questions related to brain development and
pathology. Dr. Ikenaka has an outstanding group of
investigators, who are developing very effectively as

a team and as independent researchers within the

group.

Research Background: The research program in
the Division of Neurobiology and Informatics is con-
centrated in two major areas, one focused on the
development and function of glial cells and glial cell
diseases, and the other on the function of glycans on
glycoproteins expressed in the nervous system. In

the first research area, they study how glial cells form
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and function within the glial network that regulates
major aspects of brain function. In the second re-
search area, they have found that unique N-glycans
are expressed in the nervous system, and they are

investigating how these glycans regulate function.

Leadership: Professor Ikenaka is an excellent re-
searcher, mentor and scientific colleague. He has al-
ways had outstanding investigators in his group and
under his leadership, many have moved on to ex-
cellent academic positions. Nine investigators have
their own laboratories and research programs, seven
of whom are full professor and two are associate
professors. One former postdoctoral fellow is now
an assistant professor. Clearly this is an outstand-
ing training environment for future academic re-
searchers. Professor Ikenaka has extensive collab-
orative research projects within Japan and interna-
tionally. He is well known in the glial community for
his important discoveries and his collaborative ap-

proach to research.

Current Research: During the visit, I reviewed
detailed written information about the current re-
search program, and interviewed Dr. Ikenaka, his
assistant professors and many postdoctoral fellows
and graduate students. This is a highly productive
research group, with 46 papers published since 2010,
and numerous papers in preparation. The scope of
research in this group is quite broad. Asnoted above,

there is a strong emphasis on glial development and



function in the central nervous system, but another
longstanding interest of Professor Ikenaka has been
on the structure and role of N-glycans in the central
nervous system. His core goal is both to elucidate the
essential roles of glial cells in the nervous system and
to understand unique features of N-glycans, many of
which are linked to glial membrane proteins and im-

pact their function.

Presentations: Dr. ITkenaka discussed his vision for
this research program, with an overview of the pro-
gram, and he detailed many of the different projects
that were subsequently more fully discussed by the
individual investigators. Over the past 5 years, great
progress has been made in both major research ar-

eas.

Professor Tkenaka’s group is well known for their ex-
tensive studies on glial development and he discussed
Dr.

developed a novel tracing method for determining

many of these projects. Tkenaka’s group has
the origin of glial cells in the chick spinal cord. His
group has studied the glial lineage in mouse as well,
and established that cells in one specific stem cell re-
gion of the embryonic brain provide cells that popu-
late the adult cortex. He also has important studies
on the regulation of oligodendrocyte development by
several proteoglycans that bind to important mor-
phogens in the developing brain, thereby regulating
aspects of glial development. Some regulation of the
early embryonic development of these cells is regu-
lated by the Notch pathway, and Dr. Ikenaka has
data that detail specific aspects of this regulation.
They are also studying how changes in astrocytes im-
pact brain development and how proteases and their
inhibitors impact demyelination and remyelination
in the adult brain. Other studies on how oligoden-
drocytes decide what axons to myelinate, and how
they respond to mechanical stresses during develop-
ment were subsequently expanded on by the assis-
tant professor studying these problems. The work in
this Division is impacting research in many laborato-
ries, as Professor Tkenaka’s group has often been the

first to identify unique elements of glial development
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and function.

In the area of N-glycan research, Dr. Ikenaka dis-
cussed their new work identifying a novel N-glycan
and investigating its function. This work started
when they observed that the content of N-linked
oligosaccharides changed during brain development,
but the gene expression of the enzymes responsi-
ble for generating such proteins did not, suggesting
unique regulation of these enzyme activities during
brain development. In other studies they are in-
vestigating how sulfation of N-glycans in peripheral
myelin impacts peripheral nerve development. This
work was also further detailed by the assistant pro-

fessor who is investigating N-glycans.

The two assistant professors in the group, Dr.
Takeshi Shimizu and Dr. Takeshi Yoshimura, di-
rect their programs to the two major research areas
of the laboratory. Dr. Shimizu discussed his exciting
research program, which has several components, fo-
cused primarily on oligodendrocyte development and
function. Much of his work is on the interactions of
myelinating cells and neurons. One project allows
visualization the selective myelination of axons by
oligodendrocytes. They have developed important
research approaches that allow selective imaging of
a subset of single oligodendrocytes and of unique ax-
ons, and can demonstrate whether specific oligoden-
drocytes myelinate only one type of axon, for ex-
ample, motor vs. sensory axons. This is very im-
portant research as it addresses an important ques-
tion in the field about how oligodendrocytes iden-
tify axons to myelinate. This is a very active re-
search area and this group is providing important
answers. In other projects, Dr. Shimizu focuses on
the domain of myelin that has direct contact with
axons. This group has been studying a mouse model
in which myelin paranodes, which directly associate
with the axon, are disrupted. This project is now
investigating how these changes alter neuronal gene
expression. This project has great potential to elu-
cidate many aspects of how myelinating cells impact

neurons, a crucial element in the functioning ner-



vous system. In other studies on the interactions
of oligodendrocytes and neurons, they are studying
how oligodendrocytes sense axon movement, look-
ing at mechanosensors in oligodendrocytes and the
signaling pathways that they mediate. Finally, Dr.
Shimizu is studying the role of non-canonical Wnt
signaling in demyelinating disease. This is also an
important project, as it shows that activation of this
signaling pathway in neurons exacerbates demyeli-

nation in mouse models of multiple sclerosis.

Dr. Yoshimura discussed his work in the other major
research area of the group, the function of N-glycans
in the brain. They have developed very sensitive
and unique analytic tools to quantify and identify
specific N-glycans from brain. Dr. Yoshimura pub-
lished this technique in 2012, and is using it to allow
detailed determination of N-glycan structures. This
work is now moving into establishing these struc-
tures and the changes in their content during cor-
tical development in the mouse. It is also focused
on how these oligosaccharides affect cell-cell interac-
tions, in particular how the negatively charged sialy-
lated N-glycans interact with positively charged pro-
teins. One unique sialylated N-glycan structure, 6-
sialyl Lewis C, dramatically changes its expression
during brain development. This N-glycan is linked
to an important neuronal protein, suggesting its im-
portance for neuronal development. In other stud-
ies, Dr. Yoshimura is studying how N-glycans such as
Lewis X and other fucosylated carbohydrates affect
stem cell maintenance and differentiation. In a study
of the peripheral nervous system, this group is also
studying sulfation of N-glycans and found that N-
glycan sulfation is particularly abundant on a major
myelin protein, and is needed for normal peripheral

nerve myelination.

All members of the group presented their own work,
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and they were all quite accomplished in their knowl-
edge of the field. The work this group is doing is
highly regarded.

Research Environment: The National Institute
for Physiological Sciences is an internationally rec-
ognized, high regarded research organization. The
research facilities for the Division of Neurobiology
and Bioinformatics in the Department of Molecular
Physiology are first-rate. The laboratory has excel-
lent molecular and cellular research equipment and
the access to the core facilities, including the con-
focal microscopes, multiple photon microscopes and
STED microscope, has enhanced the research activ-

ities.

The atmosphere in this group is clearly very collegial,
which results in extensive collaborative support for
the different research projects. The laboratory mem-
bers all have excellent command of English, which
results from Dr. Ikenaka’s expectation that they all
discuss journal articles and present their work in En-
glish. In the interviews, all laboratory members, in-
cluding graduate students, were able to present and

discuss their work effectively in English.

Summary: This is an outstanding, internationally
recognized research group, centered on investigating
the role of glia and glycoproteins in the developing
and adult nervous system. This group is led very
effectively by Professor Tkenaka, who has brought in
strong investigators to address important questions
in neuroscience. Professor Tkenaka will retire from
NIPS within a few years, which is unfortunate, as
this group has an outstanding international reputa-
tion, built over the years by the leadership of Pro-

fessor Ikenaka.
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It was my great pleasure and honor to serve as a
site visitor at the Department of Integrative Phys-
iology, Laboratory of Sensory and Motor Function,
The
laboratory has been directed by Professor Ryusuke

National Institute for Physiological Sciences.

Kakigi, and I have known Professor Kakigi for many
years and have followed his extraordinary progress,
including advances and the expansion of research ac-
tivities. By using EEG, MEG, fMRI and NIRS, their
research covers various and complicated responses
to visual, auditory and somatosensory stimuli. They
further extend their research activities to human per-
ception and the mechanism of higher brain func-
tions in relationship with auditory, visual, and so-
matosensory inputs. Many of their research activ-
ities are unique and innovative by discovering new
methods and devices. Their research activities are
the result of collaboration with many capable and
exceptional staff who have been successful in pro-
ducing many interesting results, and publishing find-
ings in reputable journals in English, most of them
with high impact factors. I have no doubt that Pro-
fessor Kakigi’s leadership and direction have led to
the recruitment of excellent staff and has helped
foster promising researchers. Professor Kakigi has
also been successful obtaining collaboration from
other universities and research institutes, not only
in Japan, but foreign countries, and to send young
researchers abroad for the further advancement of
their research abilities. Indeed, it is amazing that the
institute has been publishing more than 30 papers
in English journals every year for the last 5 years.
There is little doubt that Professor Kakigi’s labo-
ratory has gained an international reputation and
is considered to be a premiere leader in research of
neurophysiological correlates of various sensory per-

ceptions in human.
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#1 (presented by Dr. Ryusuke Kakigi)
Itch perception in humans

Using innovative methods discovered by the au-
thors (2008), which electrically induced “itchy” sen-
sation, this study has convincingly shown that the
itch sensation is carried through slow conduction
fibers in the range of C fibers. This was established
by measuring vertex response in EEG/EP recording.
They further examined the pattern of brain activa-
tion revealed by fMRI and MEG (2009) showing bi-
lateral activation of SII/Insula and precuneus. Their
studies did not end here, and their curiosity con-
tinued to examine the neurophysiological substrates
of subjective feeling (psychological aspect) of itch.
Knowing that an itch feeling is contagious, which
provokes the desire to scratch in others just by see-
ing an itchy skin lesion, the studies were conducted
(2013) psychologically, as well as brain imaging. The
study showed fMRI activation of insula, midbrain
and basal ganglia even with an imaginary itch, which
shared the same regions for real itching. The authors
thought that these regions motivate to drive the mo-
tor response of scratching.

The next study (2014) involved physio-anatomical
aspects induced by the pleasurable sensation (psy-
chological) of scratching an itchy lesion. The fMRI
showed activation in the Midbrain and Striatum,
which was thought to be related to the reward sys-
tem evoked by the pleasure sensation of scratching.

The most recent study (2015) introduced a new
method of reducing the itchy sensation by transcra-
nial direct current stimulation (tDCS). The deliv-
ery of a weak current (1-2mA) to the two electrodes
placed over the scalp overlying the sensorimotor cor-
tex (verified by MRI) on each hemisphere for 15 min-
utes significantly reduced the itch sensation.

This effect was more robust when the anodal elec-

trode was placed over the contralateral hemisphere



to the side of the itchy arm.

As shown in the series of the above experimen-
tal studies, these researchers have provided a better
understanding of the annoying itch sensation, which
may even lead to a non-drug treatment that has less
side-effect when compared to the commonly used
anti-histamine drug. In my opinion, the most in-
teresting research for possible future application is
the evidence of fMRI activation even with an imag-
inary itch. Based on “mirror neuron concepts,” this
technique may be expanded to patients diagnosed
with Autism Spectrum Disorder, Schizophrenia, or
Attention Deficit Hyperactivity Disorder to deter-
mine if fMRI activation in these patients is different

from normal subject comparisons.

#2 (presented by Dr. Hidehiko Okamoto)
Human Auditory Perceptions

Dr. Okamoto’s presentation was mainly focused
on the clinical research for patients with sudden
sensorineural hearing loss. Based on the study re-
sults, they proposed an effective treatment for sud-
den hearing loss. Their clinical research is based on
the extensive basic studies involving: 1)modulatory
effect of lateral inhibition using N1m response by
MEG (2013); 2) the differential effects of N1m re-
sponses between noise and silence (2011,2013, 2014);
3) the effect of attention for N1m responses (2011,
2012) and; 4) hemispheric asymmetry using mis-
match negativity of MEG finding. This showed that
the spectral and the temporal deviants were predom-
inantly processed in the right and left hemispheres,
respectively (2012, 2015).

the behavioral and neurophysiological studies, which

This is in contrast to

demonstrated speech processing dominancy in the
left hemisphere.

The sudden sensorineural hearing loss occurs with-
out specific reason or etiology. The fMRI and MEG
studies revealed that the patient with sudden sen-
sorineural hearing loss loses hemispheric asymmetric
dominancy seen in normal subjects (left ear stimu-
lation increases activation on the right hemisphere,
or vice versa). In patients, however, they found that

the auditory input to the intact ear activates both
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hemispheres equally and no activation to the affected
ear stimulation. Based on these findings, they pos-
tulated that the decrease of hearing input from the
affected ear decreases the brain activation in both
hemispheres leading to habitual use in the intact
ear only, which activates both hemispheres equally.
This habit eventually hampers the recovery of hear-
ing loss. Based on evidence that a paretic limb im-
proves by forced use of the affected limb in rehabili-
tation, they use a similar technique for hearing loss
patients. The patents were asked to hear the mu-
sic for 6 hours through the affected ear only through
head phones by occluding the intact ear. Within 3
months of treatment, hearing acuity significantly im-
proved when compared to conventional treatment of
steroids only. Furthermore, MEG study (ASSR and
N1m) supported the clinical improvement by reveal-
ing the improvement of the laterality (increase of the
asymmetric index), more similar to the normal sub-
ject.

Their studies cover many aspects of human au-
ditory functions, leading to innovative treatments
of sudden sensorineural hearing loss. The effective
treatment was further proven by neurophysiological
(MEG) studies.

#3(Presentation by Dr. Koji Inui)
Selective stimulation of skin pain receptor by
surface electrical stimulation

There has not been a perfect and pure stimulation
method that selectively stimulates pain receptors in
the skin. The commonly used laser stimulation can
selectively stimulate pain receptor, but the activa-
tion onset is relatively slow as compared to electric
stimulation. Although the activation onset of elec-
tric stimulation is fast, this also activates touch sen-
sation.

Earlier Dr. Inui and his group introduced the stim-
ulus device consisting of a concentric needle with an
anode at the outer ring and a cathode at the in-
ner needle, which is inserted in the epidermis (2002,
2006). Using this stimulus device, they studied the
EEG evoked potentials and MEP evoked fields, and

measured the conduction velocities to examine the



effect of Lidocaine and Capsaicin in A 0 and C
fibers.

First, they measured Ad fibers using their stimu-
lus method, which provoked sharp pain like a needle-
sticking sensation, which could be abolished by Li-
docaine and Capsaicin. The peripheral conduction
velocity measured by evoked responses by EEG and
MEG was 15m/sec, which was close to that ob-
tained by COq laser stimulation and consistent with
A¢d fibers conduction. Next, they challenged if the
C-fiber can be stimulated by intradermal electrical
stimulation (2014). They used weak 50 Hz current
(0.07 mA) with 5 train of anodal stimulation. This
induced the sensation of a light touch, pricking or
slight burning, with a very slow reaction time of
about 1 second, suggesting very slow conduction ve-
locity. Indeed, the conduction velocity measure by
EEG-evoked potential was about 1.5 m/sec., which
was consistent with the C-fiber conduction and close
A MEG
study showed a similar activation pattern and lo-

calization as that by the Ad fibers activation (2014).

to that measured by microneurography.

Further proof that this stimulating method truly ac-
tivates C-fiber was supported by a Lidocaine study,
in which Lidocaine attenuated responses by the C-
fiber but not A¢ fibers stimulation (2014).

There has been no easily applicable diagnostic test
to measure small fiber conduction. Based on their
studies, however, the stimulating device is now com-
mercially available (Nihon-Khoden). The device is
cost-effective and can be used easily for clinical di-
agnostic tests without causing much discomfort , and
can be applied anywhere on the body. It is expected
to be used for the diagnosis of peripheral neuropathy,
when the small fibers of the peripheral nerve are se-
lectively or predominantly affected, such as diabetic

neuropathy.

#4(Presented by Dr. Koji Inui)

Brain activation by nature of sensory changes
The characteristics of sensory change related po-

tential are measured by event-related responses trig-

gered by change of sensory character under non-

attentive state to the stimulus. The latency and am-
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plitude of this type of event potential may relate to
the intensity of sensory memory function, which does
not depend on attention, called “echoic memory.”

Their studies included sensory modalities of audi-
tory (2009,2014), visual (2009) and somatosensory
(touch) (2008, 2009) stimulations. The MEP dipole
localization was the same for on-set and off-set re-
sponses for each modality, though off-set responses
were smaller in amplitude than on-set responses.
The amplitude of event off-set responses was pos-
itively correlated in logarithm with the degree of
changes for both auditory (2010) and touch stim-
ulation (2011).

In order to recognize deviant stimulation uncon-
sciously, the proceeding stimulus must be stored as
memory or ‘echoic memory.” In touch and auditory
modes, the longer the preceding stimulation was,
the greater was the deviant/off-response amplitude
(2010, 2011). Also, “echoic memory” was found to
decay quickly after cessation of preceding stimulus
(2010).

They have applied the technique to evaluate psy-
chological function; the amplitude of deviant re-
sponses tended to be larger in subjects with greater
anxiety (2015).

Another study relevant to the sensory change-
related response (P50m) in auditory perception was
conducted in order to investigate the inhibitory
mechanism of sensory processing. Before deliver-
ing abruptly changed test stimulus, inserting a brief
stimulation (5dB above the conditioning stimulus)
decreased the amplitude of P50m as compared to the
P50m elicited conditioning stimulation alone (2012).
This was called “prepulse inhibition,” which may
be related to sensory gating or inhibition in order
to perceive the most salient stimulation under the
various sensory environments.

They plan to use this method for clinical applica-
tion with patients diagnosed with cognitive deficits
or schizophrenia. Clinical application of this method
to patients with dementia or impaired memory func-
tion, schizophrenia, ADHD or autism would be in-

teresting.



#5(presented by Tetsuo Kida)
Multisensory-modulation processing by at-
tention

We are constantly exposed to the environment
where a multimodality of sensory inputs are occur-
ring. To appropriately perceive pertinent sensory
information and act accordingly, it is important to
sort out relevant information by attention from mul-
timodality sensory inputs.

This study started with interaction between visual
While
delivering left and right visual fields and left and

and somatosensory (touch) inputs (2007).

right finger (2nd digit) stimulations randomly, signal
strength to somatosensory stimulation was measured
by MEP under 4 different attentiveness conditions.
The signal strength was largest when the visual at-
tention was directed to the same side of the visual
field as the sensory input. The same was observed
when the sensory attention to left or right finger
was directed to the same side of visual field (2011).
In both vision and touch relevant conditions, MEG
revealed high activity in posterior temporal region.
These studies suggested the existence of cross-modal
linkage among different sensory modalities.

In order to further explore the network systems
of multi-modality sensory systems, they investigated
changes of MEG signal prior to delivering auditory
or tactile stimuli by giving visual cues to the side
the stimulus will arrive (2013). This showed a de-
crease of beta activity in the sensory motor region,
including premotor and posterior parietal region in
the hemisphere contralateral to the attended side.
Their most recent and preliminary studies showed
the attentive control involved the anterior frontal
lobe (2014).

Their analytical methods of using MEG and EEG
signals may be applied to explore the dynamic net-
work systems within the brain in relationship with
sensory perception, cognitive function and behav-

ioral science.

#6 (presented by Dr. Kiwako Sakamoto)
The effect of chewing motion/action upon

brain function
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This is an unusual research project which has re-
ceived little attention in the past. Their earlier
study (2009) showed the chewing motion/ mastica-
tion shortens the reaction time and latency of P300
event related potential by auditory stimulation. This
raised the question whether repetitive motions such
as bicycling, walking, or stepping can activate brain
function or improve cognitive function. Their most
recent study involved Go or No-Go task using so-
matosensory evoked potentials to find if mastication
affects the task characters (2015). The mastication
progressively shortened somatosensory N140 in both
Go and No-Go tasks with the increased trails of mas-
tication. These studies suggest mastication affects
both auditory and somatosensory and this effect may
speed up brain activation for Go and No-Go tasks.

They then measured the effect of mastication upon
CNV (Contingent Negative Variation) for motion
preparation. The study showed increased amplitude
of CNV as the increased number of chewing gum.

These studies raise more interesting questions;
why do many athletes like baseball players chew
gum? Why do many football coaches chew gum
during the game? Does chewing gum enhance the
cognitive function or motor skill, or help to promote

relaxation?

#7(presented by Dr. Megumi Kobayashi)
Neurophysiological substrates of facial recog-
nition

These studies involved how and when infants can
recognize faces by using NIRS (Near Infra-Red Spec-
troscopy). Their earlier studies showed that an in-
fant as young as 8month-old recognized the differ-
ence of upright and inverted face detected by the
activation of right temporal lobe in NIRS (2007,
2009). Using the Arcimboldo images which appear
as a “face” when presented up-right, but look like col-
lection of fruits and vegetables when presented as an
inverted image, their study showed that the infants
favor watching the upright image at 7-8 months, but
not at 5-6 months (2012). NIRS study revealed the
increase of oxy-Hb by NIRS in the left temporal area
only when the upright figure was presented. Their



next question was to answer if and when infants can
differentiate same or different faces (2011, 2012, and
2014). In 5- to 8-month-old infants, there was differ-
ence in NIRS with increase of oxy- Hb in both tempo-
ral regions when different faces were presented, but
not when the same face was presented. However, in-
crease of oxy-Hb in bitemporal regions were noted
in 7-8 month infants, but not in 5-6 month, when
the different faces were presented from different an-
gles. The 7-8 month infants also showed increased
oxy-Hb in bitemporal region in reaction to different
facial expression in different persons but this was not
observed in 5-6 month infants.

Their most recent study explored the discrimina-
tion ability of two different faces of adults and infants
in both 3- and 9-month-old infants. The increase of
oxy-Hb was noted in the right posterior temporal re-
gion only with presentation of adult face, but not of
an infant face in a 9- month-old infant.

Their idea using NIRS instead of EEG or MEG is
unique because EEG or MEG is technically difficult
to apply in infants or even children. Their method
can be used further for understanding and exploring
the brain development and progress of facial recog-
nition from infants to children. Also it would be in-
teresting to see if the differences of facial recognition
objectively shown by NIRS are different in children
diagnosed with Autism Spectrum Disorder or cogni-

tive deficits.

#8 (presented by Dr. Kensaku Miki)
Facial recognition by using EEG and MEG
Their first study (2011) involved the presentation
of various face images and included upright contour
with upright feature (normal feature) (U&U), up-
right contour with inverted feature (U&I) and in-
verted contour with inverted feature (I&I). Two face
images (S1 and S2) with two gaze direction, S1 be-
ing straight gazing and S2 being left gazing, were
presented. With S1 only stimulation (static percep-
tion), well defined evoked fields with latency around
150msec. were evoked in both hemispheres, focused
in the fusiform area in all conditions. The laten-

cies were shortest in U&U and significantly longer in
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right hemisphere for U&I and I&I conditions, and in
right hemisphere for 1&I condition. They interpreted
the results as the right fusiform area being affected
by the inversion of the features, and the left fusiform
area being affected more by the disruption of the
spacial relation between the contour and features.
With S2 stimulation, which implied eye movement
(dynamic perception), evoked activities were focused
in occipitotemporal regions bilaterally. In this con-
dition, there were no latency differences among three
different image presentations, but the amplitude was
significantly higher in the right hemisphere only in
I&I presentation. This suggested that the right oc-
cipitotemporal area was affected by the inversion of
facial contour.

Using ERP, they then explored the age differences
in reaction to seeing facial expressions change from a
neutral to happy face, a neutral to angry face, and to
the reverse of each condition (2011). ERPs consisted
of robust negative deflection with latency of 150 300
msec maximally recorded at TH and T6 electrode.
They found that the ERP latency was significantly
shorter and the amplitude was significantly smaller
in adult than in younger children (7 to 10-yearolds)
and also in older children (11 to 14-year-olds), and
concluded that perceiving different facial expression
was not matured by 14 years of age.

Based on the finding that N170 ERP was largest
in response to the upright face as compared to the
inverted face or eye alone in adults, they applied
the method to school children to investigate the
progress/changes of the facial recognition process
across age span (2015). For the upright face, the
morphology of N170 wave form changed from broad
double peaks in 8-11 year to single peak in 12 to
13-year-old children. The peak latencies were pro-
gressively shortened across age span. There was no
difference in N170 latency between upright and in-
verted face in 8 to 12-year-old children, but the la-
tency was shortest for the upright face in 13-year-old
children, similar to that of an adult.

Their studies provide a foundation for future re-
search of facial recognition to better inform how

individuals diagnosed with Autism Spectrum Dis-



order, schizophrenia, and neurodegenerative condi-

tions perceive faces.

In conclusion, I have enjoyed reading and under-
standing their research, though admittedly some por-
tions are difficult to fully comprehend. They have
touched many aspects of the human sensory systems
to find how these sensory systems work in protection
of humans in our complex society. They have not
explored olfactory and gustatory systems, but I ex-

pect they will eventually study these systems in near

Respectfully submitted

Thoru Yamada, MD Professor Emeritus
Department of Neurology

Carver College of Medicine The University of Iowa

(FIER)

2015412 A 17 H

(I f#, MD, £&5#0%

Department of Neurology

Carver College of Medicine 7 A % 7 K%

AEHESE T, AR A RS R . SRR B A A o
MR D site visitor Z B TCW=ZEF L2 &%, FA
DEVTHYH, RETEDHY F U, ZOHEEMIZ
MiARBEABIZRRNTESNE T, FIThiREHED Z

MRS M- TED £ UT, MEIEEOERDZ
BOEBOEENLRERE R TEE Uk, K4ES O
7 TliX., EEG * MEG. fMRI. NIRS #ff5 Z & T,
A B RO R T, ARVE R RIS 2 2 kR TH
M KGZEHSMZLUTWET, X561, BE, HHE,
MR D AT & DR TR b ORI X &Ik RE D
fRIAC £ CHrSCIEBIO®EIF 2 LI o E Uiz, BES
O ERIEEN D% < 1E, HLUWHER TN R &2 FARKT
52 LT, A== POHEFNBRBEDE L >TVET,
o OFEIEENE, ARETHHLZZ < DAXY 7D
HAFEOHBIZLIVEONZSIDOTHD, £ < D
IR R M TR % B A %X@‘%%t?ﬁ?i? TE X & FeR
LTWET, ZNODIRFEDEIFEI NI T 7
7 R—% %b%@TToﬁV%ﬁ<\mﬁﬁ&®U~
R—y TERENZED, BNARZYy 72EDD

105

future.

However, I have heard that Professor Kakigi will
retire in 3 years and it is my understanding that
all staff has to leave the laboratory with his retire-
ment. Because their research activities are promis-
ing to further advance and explore the human sen-
sory system, it would be unfortunate that all current
research will have to cease after years of hard work
and seminal research and new projects will need to

start from scratch when a new leader is appointed.
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External Review of Nambu Laboratory (Division of System Neurophysiology, Department of

Integrative Physiology, National Institute for Physiological Sciences, Okazaki, Japan)

Review by: Dr.

Kevin W. McCairn Ph.D. Principal Investigator, Systems Neuroscience and Movement

Disorders Laboratory, Department of Neurological Disorders, Korea Brain Research Institute, Daegu, S.Korea

On the 25th of September 2015, Prof. Atsushi
Nambu and his team in the Division of System Neu-
rophysiology — NIPS, invited me to visit and tour
their laboratory to discuss their ongoing research
projects. The purpose for this visit was to provide
an objective, external evaluation of the current state
of the laboratory’s research facilities, and the scien-
tific merit and progress of their ongoing research pro-
grams. This invitation was extended to me because I
have over fifteen years’ experience working with non-
human primates, electrophysiology, movement dis-
orders and deep brain stimulation, these methods
as well as others are practiced extensively by Prof.

Nambu and his team.

The primary research direction of Prof. Nambu and
the Systems Neurophysiology group is the elucida-
tion of the anatomical pathways, transmitters and
neuronal encoding of cortico-basal ganglia- cerebella
circuits, with a particular emphasis on movement
control in both normal and disease conditions such
as Parkinson’s disease. The laboratory uses, and
should be especially commended for, the utilization
of multiple test platforms to address their research
goals. This extends from small animal, e.g., mice
and rats, to large, e.g., nonhuman primates. In light
of the extensive use of animal test platforms, espe-
cially nonhuman primates, I am glad to report that
the tour of the laboratory facilities, including both
housing and experimental space, was extensive and
fully transparent, with every part of the facility be-
ing open for inspection. Through my experience in

working with nonhuman primates, I am confident
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that the facilities operated by Prof. Nambu and his
team are of the highest standard, and provide an
exemplary example of how a neurophysiology lab
should be implemented. Importantly, all of the mon-
keys were in excellent condition, the housing facili-
ties were great, and animals undergoing experimen-
tal protocols were receiving excellent technical and
veterinary care. This was particularly emphasized by
the dedicated facilities for surgical and post-surgical
care. It was also encouraging to see proper isolation
protocols, i.e., hermetically sealed cages for the use of
neurotoxin and viral based methodologies. All nec-
essary safety protocols were evident from the tour of
the facilities, including properly installed and clear
instructional signage, to use of personal protective
equipment when transitioning from one part of the

facility to the other.

The excellent standards were also maintained in the
experimental space used by researchers. The labora-
tory uses a wide array of experimental techniques in-
cluding but not limited to, complex behavioral tasks
for the study of kinematics, optogenetic manipula-
tion of specific neural pathways, and electrophysi-
The hardware

used for these investigations was of the highest stan-

ological recording and stimulation.

dards, with, from my experience, much of the elec-
trophysiological recording apparatus being of the lat-
est generation, thus allowing members of the labo-
ratory to stay competitive in a rapidly advancing
field. It was also interesting and encouraging to see
that a portion of the equipment was entirely custom

built from within the laboratory its self. This is par-



ticularly important as the Nambu laboratory has a
large number of graduate students, and it is my opin-
ion that in order for a developing scientist to really
attain independence, they should be entirely com-
fortable with the design and machining of their own
hardware and software, these vital skills were being

readily implemented across the laboratory.

I believe it would be germane at this point to em-
phasize the types of recording experiments that are
undertaken on nonhuman primates, as this is my spe-
cific area of expertise, and recording in nonhuman
primates constitutes a very large part of the work
occurring in the laboratory. It should not be under-
estimated the technical expertise and dedication re-
quired to conduct these experiments. Individual an-
imals need to be trained and studied over very long
time periods, daily experiments (including the pre-
experimental preparation) on one animal can easily
take a whole day, and it is not unusual for experi-
ments on one animal to last several years. This is
especially true if a large numbers of individual neu-
rons need to be collected under specific behavioral
conditions. Prof. Nambu and the members of his
lab have a well-earned reputation for acquiring high-
quality neural data, particularly single neurons, si-
multaneously from multiple sites, while expertly ma-
nipulating input and output pathways through either
electrical or pharmacological methods. These exper-
iments form the basis of a body of work that informs,
and has had a major impact, on current theoretical
models of cortico-basal ganglia-cerebella circuits, at
both the basic science and clinical level. With such
well respected and insightful experiments emerging
from the laboratory and its members, it does seem
a little presumptuous to engage in any criticism as
asked for by the organizers of this evaluation. If I
was to try and make some suggestions, and here I can
only really speak to the electrophysiological experi-
ments, it would be to increase the number of sites
that are simultaneously recorded from within test
animals, and perhaps try to implement more diverse

analysis methodologies, e.g., phase coupling relation-
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ships between anatomically segregated areas under
the different experimental protocols. But these re-
ally are only minor criticisms and perhaps stem more

from my own biases and research techniques.

As a consequence of the excellently run facilities, well
executed experiments and insightful interpretation
of the data acquired from their work; the Nambu
lab has published in the last five years, in inter-
nationally recognized journals, twenty eight origi-
nal research articles and reviews. The majority of
these papers are based on results obtained in non-
human primates, and because of the considerable
time demands of such studies, this number of pub-
lications is an extraordinary achievement that the
laboratory, department and institute can take great
pride in. This published work of international sig-
nificance is also supplemented by a steady stream of
published articles in Japanese, and one hundred and
twenty four posters and presentations. This excel-
lent level of scientific productivity is also reflected
in the laboratories ability to attract funding from
multiple sources. In the same five year period, the
laboratory has netted over 190 million yen in outside
funding, with a significant contribution being made
by key Ass. Professors and Post-docs. This team of
researchers, including Prof. Hatanaka, Chiken, Sano,
Kaneko, Darbin and Hasegawa, are a credit to the
laboratory. I thoroughly enjoyed all the presenta-
tions they made, and the discussions relating to all
their talks was informative and fun; they are all a

credit to the laboratory and institution.

I therefore have no hesitation in relaying to all the
readers of this report, that Prof. Nambu’s lab and his
team are producing research of the highest caliber.
This work is being carried out in a highly profes-
sional manner, and I have no doubt the laboratory
will maintain and extend its already impressive sci-
entific contribution to the neuroscience field for the

foreseeable future.
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iz, Ye{z%% DREADD 7 ¥ #fifk[al i % #/E 3 %
FERBRES B I, VAT AR 2 KT 50
LT & o THAK R & WA 5, KINF KR
B ORI &AM B WM B G %R
By, 770 —FOML AL > THRLIZRBEOED
5IATYTAREETH D, FITWREFDEMZH,
Z O & BB T T 57210 T ST
FEIE & U308 S MY LIBIRS 20K 5, KINEEMK %
fRIAT 2D B Z 5L EORBHOARIZE > THEH
BRI TRV, EhroZF, —RBRCICHERE&AH
T DD OIS & i B FHE O &\ HTE THRGE
UTWL EisRE DR L TOMBEERKE X2 5
BRI DD SHEE R L E T,



&5 111 5B
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1

1.1 HREEOHHEME

b N OROAEIEEREIX. 1A Y F v 2L, ZERIE, B
FrrY— BHR BEEDFREDHERR VN IELE,
TNOPHLT B RNV BEGERNEBE L) H &
NTW5, BB T, FICHREEREE T
G R S 2 o1 8 s S S0 N A s N 1 e
USSR, OMEBR S 2 F IOVIRGCERF . N BE MR B
ZEHPICBNT, TS ERR VN EHOBRER D2
7 7u—F L, ik LA, 4T Ml 25k
fARIZ B BB A H = X & AR RE 2 B 5 2
LERHEBLTWS,

HREEED AL LTERIREE, XV H
DOHBETE L TR (loss of function analysis) IZHWT,
kD RNA FHBIEIC X2 ) v 2 X VERPS T
LRI LD /v T N EBRANDOBATREEICHEA
TWBIZEeWBBIFoNG, 72, BREELFBITMA,
HRED) T OIEEHRLOER P MERTRO NS AR
XU AEOMEIZHHHEIZEAN (Vv oA y)THIL
WL Ao /2 Z & id. TD R VNI BEOEBBEE
fRd 5 LT, FHICBBERENLSZD, 20, HTL
ARV T D B % B AER L OV TR T & 2 R50H°
Bolb B3R5, £7-. 7T /HfET 1V A (AAV) %
RFLTEZT 1 IVART Z—% LOV(Light-Oxygen-
Voltage) iy & N7 E &ML T, R 28
% IFZEfIZ BFEIZ ON-OFF § 5 Z &2 A gL 7 o
TERILHHERMWME VWA S,

H e H 4% 2 fi 1) % S8 EHR Bl D FE R & Rk 72
W, BIZIE. 7 F A A B BEMENC & 2 BK TR D
TRIEMN 72 D RBED [ 12 X 0 X V0 EORIUERAT
28 AL KM %2 & O REE L BERE O BN 2L & 2 2
52 ENHEELRDDDOH D, ROl S IS
DRSERRATIEL BE B E R E R Ry TE AR
EREOMRICA-ZZERERLTWS, 72, 2%
T BERERE X B ARSI, 3 WRoT R T B
(3D-SEM) 0¥ Rizk D, ZhEFTREINTWE
EREEY DFE R E RN T WS I3 Hr 2L D TR
M7 e E RO Bk, fRITE SR E R VoS 7 B n
SHEH. MRE. B b~ FH LU SHERL, AAE

=N
o HE

*1 Lin et al, Scinece 352:aaf1015, 2016
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WS TFOBE & Z0OEF - HEAH=X LA

DHE LB EY OREHRINEIZ S RNIZHBIL TV 5,
D& BB PEL T, BT TDOS
FEORETNESPERR L LT, IFBEToN5,

1.2 HROBERK

(1)Kv4.2 - DPP10 F ¥ VSR O EEREIL O —
DFARX=T VT & BIRK

MIRBSRER TISEERMIClE. 1 AV F v 2L, R
R, G XV RIBEDREX >N BOREE & BEE I B
TEMGEEMEL TS, ARTIE =T A A -V
VALK B YT Ay b AT Y MNE ICERE N TH
NS5, Kvd.2 FEEMKEET Y 7 LAF ¥ 2L D—
Hchv, BI¥r7a1=v hThs DPP10 % KChIP &
RIZA AV FraLzRHE LTS, UL, Kvd.2
& DPP10 2o # & THEAL, 1 AV F ¥y 2L %
L TWB ML TR, WROFETIIRET S
MW TERDP 5Tz, SEL MREERESR TS T
FREBIH T T, =71 A=YV T &4T\0, 8D
HBAT Y TRAEGHTAZ 212D, 457D Kvd.2
Moed Kvd.2 F v 2bik, £Ii22 250 DPP10 41
EARDILEWPESLMI Uz, £/, 2D 42 0IE
REUEIZ X DPP10 43 Ol Hel S FE I D VAR B 2 AV ER
WeE % R L CWB Z & Bl U7z (J Biol Chem
FEIFER), D SR HAEAR 106K D AL F
BTV ATETH o7z 1AV F ¥ 2V EEIY
Tazy ORI % EHIIRkDEZZLDTES
M THARFIELE VR D,

-
—

(2) 7V 7B AR L T ORI K D7V T
O3 FEfigt i

TR AEEE M T, 2 TRl RA: - k. B
LRIz BIT 27D 7l EFLEERE & Z DR R
RIZOWTHIRZ DT WS, £72, MNIZB T 5%
UWHEHME O E PN ER E ML TWS, 22T
X, HIRARADA Y TF Y Fad o b (OL) &l
Ml OMBEERICESRE LY THN TS, 50, H71
PR AP ZEE M CIk, 77/ BEE Y AV R % T
B LT, OL-fit iR DM EAE M % in vivo(~ 7 AfiK
W) THSULTE DM EFFE Lz, 2 LT, MK



0B X OIS BRI 72 BERE T bk X % T & 22
U7z, F7z. OL & #fiietiilisR O FLAE FIRAZIIZ R B A
2T B —HOBEBETHEYI 787 LVIIKRIZEDH
EL. TS DN E#EDT VWS, —FH., OL DREIZ
FOEUBIBEMERERELE 7 A a1 FORFEIZLD
# L % MLC (megalencephalic leukoencephalopathy
with subcortical cysts) DK REENT £ NEHFTIZ D T\
5, WIENEERETIVITAZBNIL, HF. VA
T o ALV RV TOMERZHAET S I LIk, £
DA TIREEHS ML T WS,

(3) TAD AR 528 LGI1-ADAM22 86
PRIEHT I & B > F T AR HI TSRS o f i
RIS ER T Tk, fREMIIZ B 1) S B VE S )
TADRKRNIR LG R VR IBETH S PSD-95 1T
#YT, [V T ARERIERME ) B X O TTA»ATIE
DIRFERRE] OfIHZHIEL T EIT>TW5, &
FEEIE POTANPABE#ERX R 7ELGIL & ZD%
BIKTH S ADAM22 O EHEEE, BX e D TA
PNABETHRSNS ADAM22 OZ BAREN %47 - 7=,
UCSF @ Nicoll 4 5 & @ HLEAFSEIZ T, ADAM22
SV IZTURIYTAIBWTCH LGIL /v 27U bY
U A L FARIZ AMPA 228K % v Ul ¥ F 7 A REN
BHLTWSZ 2/ LA, 72, LGIL /v 2T Y
b T Z2IZEWTIE, BEGEHE PSD-95 O@RFEH X
Iy RxyvTHRLNS AMPA SARKEIEZ(L 42
Bboshholz, ZDZEh 5, LGII-ADAM22
1% PSD-95 12 & 5 AMPA &R DOHERERIM (> F T A
A ICBETHD NP R oz, 20 A
W v FRFED Lehesjoki 1+ & OHLFMLEIZT, #E
VDI ZERE & e, MKEEZ 242 BFITENWT,
ADAMZ22 @ compound heterozygous £ %% A L.
ZDRTHRBEHS M U,

(4) TRP F ¥ 3 IVIZ X BIREESZA - i AR 7% - B
BRI 2% - AT 5 T R o figt

A B g M T, TRP Fy 2773 Y —
ICHERZEZ Y TORESE - J\ARISEE - Bz
7 REREIO TR B L TR 2 BRI L TW B,
Lobl, BENED IR MBS E NREEY
¥ LERL. TOMENEREEELTWS, S4F
ik, 29mAREDMZEE LT, TRPV1I &7/ 7 X
IV1EWVWD 20D KV F ¥ RO L iGN
B, ATV VDN ERITRARBMRT I %
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WG Uiz, £/, 7/ 272301 OHEDN. EEEM
MIRERTZEHHSNT U (PNAS GERR), fit\
T, MR AEBPIZEM CIX AN TS —EREHH Y A 5
L (FHERGR) 235 EIF. TRPM3 F v 2V OfEM:AL
MM EZMET L7z, £ LT, TRPM3 F v 2 )L DiEMHA
BRI Tld 2 Tlde <, PIP, FDBREE
NTHPBETHDZ a8 E LD (FASEB #EHR).,
ZDEDIT, BRAREYREPZIRGEHE IS T S TRP
F v FIVOfERT 28 U T, ARSREREE O R BRE O B R
JREESSAEE SR % LHO TR o 7,

(5) YTFNEE, FIANNA AT —2HBELEL
7= B0 S A B2 ORI 11 T

IDMEER Y 7 F OV T ik, e - I - A O
SRR FIE ST I 2 i A . AISRRRI & VX 2 D[
. FEICEM D ATWS, £/, AL ARG
SABEIENE BT L Tav 2ADHTHEL B R VXY
E DONERERENZ DD FHERE DRI XD fLA TV
%, SAEEEIE, FTE BHIMIICEWT, ZAEENIK
2k > THEU S MAPK ¥ 2 FVizE1r % TRPC3 @
E % Et L. TRPC3 F v 1 )LV OJEMALA 2 @tk (&
P & K f5e ) © MAPK ¥ 2 )L @ switching (ZEE
REEE R LU TWS Z &% Rl U7 (Biochem J &
IZHK), 72, GPCR &R Z AR P2Ys ZEAKRD
M-I BT 2B Z MG L. P2Ys AR KE
RUAT, TrvIAT Yy IIZXAI0EER &I
EIREERAINH ENE Z 252Uz, LT,
P2Yg %Ak T VI T v v EAR DM AR
ZTH EHE < & 7 F AR % fil E D> U 72 (Sci
Signal FEIZFERK), TD LD, WMEEY 7 FIVIRGEES
Tk, Y7 F s, 7 I NS Auy— AR
FaEiEhe LT, HrLWnmEEEYE2EBEL DD H
5,

(6) LBzMIKLIZ & 1 % Ml v B A 3% o> 7 - S A & G
HiiHRE O fiRt W]

M REMFAEERFT 1%, BRI A2, DX 0 T B
Hed D7) 7 BERE & 05 i el dan ik oD il A1 % ) 2 el P i
Wil T AMREEREDT VD, FZ, 21 MYy
o vavgEe S 0 REOBEREMAT & 3 Al
BEAL (P VT =2 FY Y oY ay) DRK
MRS T 2T R ED TV B, MBI ERM T Ik
TALEN % CRISPR/Cas9 12 & 27"/ itk % Rtk
IR U, bR% e fifafges R ER s 70 /) v 2 7



7 M ZE R 2 EEBLL TW B (— O H % PLoS
One gEIZFR), F7z, BEZLIIT 2 EEMEDIG
BHHRE LT, THKEIZ & 2858 FR MO EE (L8
K EVOHERBENEREHE L, DED, BEER
B AR D M A & EfOKIE % 21 B & AT B R
AN EREIT 2L VWIBRTHD, 512, ZOHEF
BIzBH 25 TRIBOMIIIZET L, *OABNERE,
JRBE DD IZOVWTETZEDT VWD, TD LD
2. BRI AnoD, BHSWHEL ST
A ANE T A4 ] T AN A ki e
W5,

FFRDA RN & LRI IS

AETEERISEATIE, B3R & 5124 F - Ml L <OV Tl
T fio TWAIMEREMAZ T 2 AEL TATEH, N
WEELRRTEWEMMEEZ A L TV AEBME A L
TWb, SBROMIBINREMOERE & HIZZDHE
FIMEIRZE 2 AR L TV 22 DARBRETH D, TOEW
SPME Z 2 RELFEF HASEATIC RO SN TWD, £
7z, il % DEFMEE e B 721 T3 < AP T
DIEHA R, LFEPEOHEREZEL TH 1/ ML X
VTOMHFEARAY NI =2 %KL, TOxy b T—2
FHEMBIZEL TN ZEDREEE EbhE, Zh
S WEMMEE R ERET 5 Z e TE X A&
PFEMVEZ [ EX 5770 TR, HizmRs Bl
b TEBRLEZ OGNS,

ek, ARBI SR & MR TR /R - AL U T BER
T3 EFRTMIITELRA T DN TE LD (Bl X
. T OBSBEMHTIZ B W TR in vitro O HL4 T 5
PAEEMERNT), 5B L 0 ARISE VBB T TR
RE&MRMT T 2592 (WX, T T BRI fES 3 5 B
DFEROM] ) B EE kb, ThEEBEIEE2D
K, R AR O S R (R R R
BEEE. U TV R A LFHAE Y FRRE BN, Y —

@S2 ) DEAL EBIZ, INoFHIlIc K DES

1.3

N B KRR R IRFEL Bk & 72 B AT 7 — & % B fii
e U T ARBI ORI BT L 72 5,

E7-. (07 - Ml - 8] 2R EiToTE
T2 BTV — T DOWT hE DEFERED T Ok L
ROV TOEBEIRIT 217> TWAERZEA D L. 5%
(Al % DEERED T AR EIFEE D K S 7 AT LDk
THRZMMIZED X S IZZF DRERERHIH S ., YDk
SIIIRBEE->TVWEONEMET D Z L~ BEIZ
RoTLdeEZONDS, Thbb, s TV A
T I, RO ERERE % e B & S 2 arge S5k o B %
NogE o —EiffEhseEZOND, /2. HF -
MR 2 & EAREFEEOBMIZFE DI 2720121k, B
BT 2FECDITBY— LV ARA A=Yy FHiIZ
MAT, &EEHORMND T2 DR xy NI - %
RADTA P a—REHIEMABE L 25, HIZIE,
IFVFYRINDF—22LTH, IThE TR
HKELUZHDULED2DONT IR o720, Fiiks
- BIREAN O EIC X DL R ANV T X TI2E FE
TR TETEY, EANH X THEICE
3BV Fr ANVDREIPEHINDDOH D, A
Hx 7 3 EREMET 22 TOMBIZFEELTED,
AV AT 2 T HERETE R M O BR A  7 - ML ROV T D
3 PR 70 2R AANE S 1 D BRI G OV D < T REME 13D T
W, 2O LRI EBE AT, EMEMERTHIE
1REEAT RN A L 7 % T BERE % GHII T & 2 Bl (B -
Mgt 7 5 v 2 A7 F 54 ¥ — XFe24/XFe96*27: &)
ZEAL, ANHTXTH2Y NT =T D74 NI
EHELUTWBERHLLEEZOND,

D &SIz, FHGEROEEC BT AT KR
e hx AT 5 AMOERE EMED &SV A% 5
WCEFZAMOBERIEINETU RIcETE L2 ->TL
5, 82T, THHY] ORETH 2HEDFR
i (MAEECAENY) &, MEOMYRS (ki
DFtHEAED, 5 TNIEMIHATE 20) 26T D%
HOBBIX YRS NV — T IR ST, EEASEAT
DORRIZAT TOREBEERETH 2,

2 HEAEBMEMEREE & NIRRT IERNE O AZEA

*2 SeahorseBioscience # D, MIMIO EEAR T XL X —RERKTH 2B, I PV R Y TICX 2 FLRPROIRER, Mg LT

SEIREE - SIS I REREHI 24T S
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R R S PRALEERERE DRI 1, 4> 1. AHAE. A
A, Y AT LADEL RIVTORK 2TV, TH5
ERAICHRT 5 ENEETH D, YTVART Y
~EDNELE TVEIE, &L NV T O & A
LDETHFI>DITHLTED, BohHAIZ e hoD
RETEHBEDMMIIZ DR B EZ NG, FHEE
Wl R 2 i, EidoMEz > — oL
AZ DA A=YV TEAMDORFEIED 5T &7z,
Bz 3, BEFWEEHRP T A IV A %> TRED M
FEHINAE 2 B3R L. £ DIGE) % 6 CHAET & 2 Bl
ERELTETWE, 1 A=YV I7HMOMESIZE D E
PRI TS Bh % KIRIIZHE 2 72 HY & B — il L ~OL T s
TEDLIITHR-TETVWD, 51T, BHEoMi
XA TOABULD AW S5T, PI VAV FT AN —
Y= & 0 REE ORSEEICE 3 B ditE B & T RE L
Z D% RS MO TGS 2 I 1 A=YV
7 BT BRI B D, WREA A -V YT
LTI, ANY I LA A=V ZITINA T, BN
RUNRTELRFFE - BAL, mORH R RE D DR
L ROV DR TR IS B 2 5l T 5 2 2 b
BETHAS5, Y, @R FEETD 2 Fhhk
ARV ITRENA A=Y T Hhma—F &L
TR & DA A — Vv M E DA EE L Bb
Nad, 2P, 2015 FigaXHERIN-EREBME v
Y — ORI, L ORI O BN HE % ATEE X
THURENRD L. MEFIED RN T AT 1 v 7 ix#h
NP IND, /. BUNMNIREIE - &) 7 AN E R
WIS EDERA 4 0¥ — AEEE FHEMBEEOEA
DRBELINTWVWD, —F., L3O R O A
TIXBSE % B2 - MO 2R BRI XD B Z L IE L <,
BEIZHESE & T 2 Biffi 2 B A G D E 7 #7544

nffy

3 FRNITENMEEEDAZEA
3.1 #iE

AEBLEWISEATIC B W T, IBERE D > 2 7 L AR
% HIE LU T, FICRAERANE WM ICIBM, SR TE) A E
BERERIT 22 B0, EAR Y AT LWRSEERFT D 3 BRI AEL D
FATWS, ZNENDRFEETHEDOMILEZITR -
TWEH, IR XS ITHERE PRI k@R %

*3 Gong Y et al. Science 350:1361-1366, 2015.
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BWCTHDd, ZOHIT, EHESLATC I ILRF A
BELUT, A A=Y VT, BETREHYER, - 3
HUEAR, AR, AR e AT bR, T
BEOMITPITZETI Y N 74— L BHTEHI L
WEEEEZONDE, 2D X212, EHZEMEFRNZ
NETIZHEA LT TERME - REREZE 212, 1 XA —
VT BRI - B AR TR ENT B e )
et L oD, R{fHbhTEEREMEERE
THMEOFEEZ MR LG I TS Z &3 TRY)
BEZEEDbNS,

ZD—/T, t bORSETNEEHES S DI,
AR R DT TR LTHFR IR T,
IR A B3 X0 P9 23 W & 0 il Bl &5 4 2 fii g s B 7 &
EREMUZTA R a—A A=YV kL T 55
il (B - Bl (Bi) OFABMELIR>TET WS,
ZD7DITIE, RS & s U 2 AT EEL L Z
FAZERBNZEHAIT & 2 & MR8 O I E Bl e 0 E
CIRE - MPEEE R Y 2 RIFICE=X) VI TE
LA o0Fy TEHUEMOEA L L BEL > T
ET\W5, EHERIEC LN % 3T B Bt
Ffiti (MagnetoEncephaloGraphy, MEG) 238 A X 4,
RERFEMEETCTERLDN, —FHTEDEVELL %K
49 % i D BB REART (2 13 BE AIAD T W 7R W, D
i X AR AME O S RES DY £ DB IR IZ D W T
WRERIZODENTED, SRIEMAZT TR, X
R A D B 35 51 AT BE & 7 2 Hihi O B A3 b BT 72
rlbhd, 5L ELmBMMEEEAL TV
7=DIiE, T B - T 2AERAM, FCH
JEDOEMBE DB - BAD BB L2570, AW
& BHEEMRE LTV BERHBEES D,

W, O - GRAT - 17E) - B &\ o 72 miRINEEEE R 7
NIZERT 2%, BE BB wo ME, X
SITIE I NS OREEE % 1 S NI A R E S Wiz 5 E D
SHE DM RE [ I HRE I D W T D BRFE % 15 5 72 D IT 5
Mo TW3, @FDdIZ, b MIEHKT. MG
FHEERET 5 ETREBEORWEN-ETLVEYTH
LZHNEHAWCEEREZHBOIToTWS, QR - 22
Mo RV EN - B R EMHENTIE, & ICHESY



MoEDI=y MEFRE WS FEEHEALLTWS, @
ZHITIMA, REKE (ECoG) BT X 2[5\ f#EiskH
5D%F ¥ v axViLdk, 2367 L — Y —BEMETBILE. 1f
IRIREIS, 7 4 VARY X —|Z & 53EETE A, fMRI,
PET. b b & HW 72l - fitiE B sl e Sk~
BRHEEMAEDE TN REIIZHZEL TV 5,

B FRAIGE BRI, AR B K OB R FRR] O 1k
MEEIENRE LT, B VOREH P SH——a—
0GB Rk & B RE RO RE UL IR E 5% (EMRI) % FH
WTC, BRIEROMARIIR, GRENZ & 217EhHIH D A
A=A L%ZFHRTVWD, BARKIZIE, OYkO KO
EME (1R 2 & ROERK) OMAREL. @Fh s o
WAL D XS IZHIERTENZEBRL TWAD0EHD
EFTHIRLTEY, 22 hsOMEIZDOWTE b
TP IF IR X B0 & IMRI 2 & 2 % HE
AA=I VT OWEEIT o T WD, TRk 2 7THEEILE
BRI B 5 S I EM 2 RET 20587
FRERIZHRAZ L T2 LT 5 Z 2 290D fMRI T U7,

AT ENFE RS REA I, T & 2 EE I, &
ITHRERD Y w 7 — Rl #) & F45 O R EREE) % o)
RKEUT, MREREONS e BEE. B X O MRtRE S
HAG S N7 B OBBEMRERE I OV TR Z EDH TV
%, BRCiE, OV y r— Nifs) & RN EEOH]
o< H 5 i b R AT e E g, R 28R
FREFBBOEL 35~ v 7 Lol A H6 Ok
% A7 A AfEAR L spiking neuron network (2 & % K
Ry Iab—rarve 2y —¥-lEzlAaes
DETHEITLTWS, QRMEEHEEE (V1) 28B4
L7z 8V (BHRE TIV) OBRESNEDTTE) KGRI
BTN ZENT IR ZMEMLTNVD, QREN”S
HHEIZ W72 2R OFEM B RE, B RO EN S DG
U756 O F A OREMRHEB) ORSRERIE A 1 = X L,
FRHZBOE T, EFR—Ya v a8z LDl
BAROEE, @ES5IZT VLAY - IV =V AV R—
7 x— A, FHZ NI & IF X3 5 ik X0 R A
R ENEER 28 U THEICHEG LU THREEZ Ml s
B2YVATLICET2EBE L ISHE, OFEGFEOM
PRk, R ATEHIR S O R b H IT B W TR
T A Z B L TV A R —83 VHIEAD
REFEZRET 2EEATRDOEN. BL0OOINS
DRI BBEL 22D, T4 VAR X —% H\W7z[al
BB REBRE RN DR & TH 5,
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RS AT LRSI, BERGEB O A 7 =X
LEWSNZT B0, IEHBREYNIT BT 5 KiNEE
JE#% % s & U 7 8 3 B8 S8 A I D A A & B &
KINEE R B ORREAERL, 5122 D & 5 bEEIC
W BHEBEA DAL DVWTHHEEZT > TV
%, BARIIZIE, ORNEEEEZ b & U 72 1idifg
DR - AP IRRER . QB E AT 1 KN
R S RIEE % UBk T 5 T &I & B RINEE K
DFEBEMRNT. QKBNIL AL BT TIVEN D & MR TE
B2 Glskd 52 LT K BERBAETIRAT, @ KR
PERE T IVENNCERIER A 5 Z 21T & B IREIER ¥,
IREEITOTWD, 2015(FL 27) HEE, N—F Y
VIRDIRBIZMEONTVWEY =8 I RBR R =83 U fE
Moo —p I U CHRREFEAYR DS L. K
IS AL DR EIEE D 5 B KRB XA S R X e
BRNETRE (EHE) OMRMRE L. EERZ T L 72EH)
Bz, F=RIV DI ZAKRIPBHEATHD LR
U7z, BlEHEE, RNERE”KEZ b e U7-BEE. s
R, REEEICBET AR ML L C WL EHEITH B,

ST AR B P I, RHFE Ak TG oD
IR R 7 = R L\ & e R R AL B 5 il oD il 5 PR A
78] ARFVEUTHMEL TE 2, REIL, HEERS
THOTEELELINETMEIEDSNT I D>
7o VEREGGRAI) OBBEZ LD EIF. ZOMWBEP A #=X
L DR % HBEEICED S Z L2 HINE LT, K
BB 721 Tk <, DEMBIED T W o 72 8
DBEOMEG v b7 — 2 CHEAEEEIT->TE T,
Z OFERIE 2015(CERK 27) £ 3 HTH T LA, Th
B LU CHICREIEARMBINE T2RAE
RO R HRIA & AR B R O Al ) (FEHE
WARER) D3FT7212 2015(FEEL 27) 4L D & Frd il &
LTAX—b U7, ZOFEBIZEWTHEEEE LT
BIGRA O MR RO h i Z2H > T\W5, BAT
E B 7 A R = S R it L E S =
LT 2013(CFRK 25) AEREIC RIS U - HT - FRlRE (7
LAY VY- A VYRT7 2 —ADRH) ZSML T
W5, E7z. 2014(FEL 26) 4R & D FERE U 7B AT aE
s TATEDE G % 15 At g DO FRE > 7 M HERE] O
FHEHED % A V8= LT, FE P - HHEGE
DFEHE [ AL T O KB AR [ S RE B BB D A A %
RS % T B 5 Bk & BRI B R AR Bl 2 A A
AbETCHETEZ 7oy 7 b ERBLTWS, £



VAT LSRRI, 2015(CFRK 27) EE L D R L 7=
ik e RIRE S e g Lz a—< v
A F ¥ —OHfE] (A¥rBY—) ORFEL UTAHE
WAWMET DT LT oz, RERTIE, BEEEYE
BRI 57 OSBRI 95 % & BRI 5T 5 O 3 H ARG I
e 52 iz &b, FBiREL L <ITHREICB T 5 IE
BB FIRBE D 5, E POALBHB (ka—< Y
IAF v —) R - MR OWREE RS S L &
HIZT, INSHEBOBRBIZHLORITEI L2 HET,
Eo, XEHRFEDOEFLEE THFHEMNIZ L 2 Mg
ety NT— 2 ORAMHTO Y =7 ] (FEHRK) 2
2014(FRL 26) FEE X DI L TWE, REXIE, e b
(TR W INBSRE & R D L B AR T R Bl &
A2 TELEIY—FERY b E2ETLELTYY
0. 370 bRy BT — 2 ORI - BEEe
< TR U, ERINEERE & - AR I B T S
PEREIR N D A 7 = X L fii B D B [E] 7 Bk o FE At % ST S
5ZLhRHETEDTHD, & DKM - MRREES
DFENZEIH - SalRI ) 72 2eBa s 2 47 5 TERIRIFZE
ZV— 7| \ZERAATEN R RIS Y, AL -
BRIRIRZE 2V — T H33E 3 5 HEEDERL % flise - hi#
SEDODEAMBEFEZAT S THEAMBHAEREBIBE ] 12
AR 2T LM e Ak v & — (T LA
VHAZUR)BSIILTW3,

3.2 RE

WINDOMEZEIZEWTHEADOMEIZOWT, &
FITHEDPER L TH 0 JEX/TH, HBHEO > 2
FLLR)VTOHBBIZ DR BEEEBFSNDDOH 5,
s 3MZEEMIZ, BRAERYHFEEREALLT
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