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Welcome

to

the 1st International Sport
Neuroscience Conference

Hideaki Soya

President of ISNC, University of Tsukuba

O n behalf of the organizing committee, it is our great
Sport Neuroscience Conference and to also welcome you to
the city of Tsukuba. This conference has been planned by the
core members of the Japanese Society of Sport Neuroscience
(JSSN), which was inaugurated in 2007 and belongs to the
Japanese Society of Physical Fitness and Sports Medicine
(JSPFSM), and approved as a satellite meeting of the 10th In-
ternational Brain Organization (IBRO2019) (Daegu, Sep 21-
25) with the strong recommendation of IBRO president Pierre
Magistretti. Since the annual meeting of the JSPFSM will also
be held in Tsukuba just before IBRO2019, this conference will
be jointly hosted by JSSN, IBRO2019 and JSPFSM in Tsukuba.

Tsukuba plays an important role as an international

pleasure to welcome you to the Ist International

science city with more than 60 national research institutes
as well as a national university (University of Tsukuba). The
University of Tsukuba was founded in 1872 and the faculty of
physical education was opened in 1878, making it the oldest in
Asia. Dr. Jigoro Kano, the founder of Judo, served for 25 years
as a school principal before building a career at the University
of Tsukuba. Dr. Kano’s legacy to us is the educational
philosophy that our minds are strengthened through proper
physical training. Thus, the University of Tsukuba is a fitting
place to assemble for this unique international conference.

While nascent, the field of Sport Neuroscience is rapidly
growing worldwide and stands to make a substantial impact
on human health. A growing number of studies have revealed
that our brains are remodeled to become more powerful and
efficient with regular exercise habits and sports challenges.
Thus, the mission of the JSSN is to explore how the brain
works and develops, and how it reaps the wide variety of
exercise-induced benefits to cognition, motor control, stress
resilience, and high-performance in various people, including
vulnerable individuals such as the elderly, in order to design
tailor-made exercise prescriptions and to help people develop
and maintain healthy exercise habits.

The aim of the conference is to share current topics
both with researchers who are engaged in work related to
research into exercise and sports that is based on behavioral

neuroscience, cognitive neuroscience and neuro-rehabilitation,
and with those in fields of physiology, biochemistry, health
fitness, and so on. Bringing together talented researchers
in such a wide range of fields provides an opportunity to
focus on many different aspects of the link between brain
health and physical health; for example: How do exercise and
sports impact brain functions and health? How does exercise
contribute to reducing neurodegenerative diseases? What role
do brain functions play in exerting human high performance?

In addition, we are proud to bring you a great synergy
of expertise from internationally renowned neuroscientists
with several interesting keynote lectures. Further, a datablitz
session among keynote speakers at the midpoint of the
first day of meetings will focus on addressing current
achievements associated with future trends and challenges
in scientific research, technology development, and clinical
practice. Through this conference we will provide a forum for
networking and information exchange that we hope will prove
invaluable to current researchers. It is also an opportunity
for young scientists and students to explore opportunities
for future projects as well as potential for professional
development.

Our committee is comprised of the following members:
Prof. Pierre J. Magistretti (KAUST, EPFL, IBRO’s President),
Prof. Junichi Nabekura (NIPS, President of FAOPS2019),
Prof. Art F. Kramer (Northeastern Univ.), Prof. Henriette
van Praag (Florida Atlantic Univ.), Prof. Ryoichi Nagatomi
(Tohoku Univ.), Prof. Hidefumi Waki (Juntendo Univ.), Prof.
Ignacio Torres Aleman (Cajal Institute), Prof. Michael Yassa
(UC-Irvine), Prof. Zsolt Radak (Univ. of Phys. Edu. Hungary),
Dr. Maria Llorens-Martin (Univ. of Autonoma), Assoc. Prof.
Takeshi Nishijima (Tokyo Metropolitan Univ.), Assoc. Prof.
Tetsuya Shiuchi (Tokushima Univ.), Dr. Kazuya Suwabe, Dr.
Genta Ochi, Assist. Prof. Masahiro Okamoto, Assist. Prof.
Takashi Matsui and Prof. Hideaki Soya (Univ. of Tsukuba). We
would like to thank our community supporters and advocates
as well as our hard-working staff and students who have made
this meeting possible. Welcome to the conference!
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PROLOGUE

Plato wrote, “In order for man to succeed in life, God provided him
with two means, education and physical activity. Not separately
one for the soul and the other for the body, but for the two together.
With these two means, men can attain perfection” (Plato, 4th cen-
tury B.C)).

Recent neuroscience research shows that for optimal physical
and mental performance, exercise is essential. Since benefits
induced by daily exercise habits are known to extend to the brain,
where neurons and their networks can be remodeled, such habits
result in improved mental health and physical performance.

Take, for example, the hippocampus, a region that is
responsible for the formation of memories. Aerobic physical
activity (APA) can enhance the formation of new neurons
(neurogenesis), in the dentate gyrus in the hippocampus (van Praag,
2008 etc.). Thus, APA can lead to an increase in the size of the
hippocampus, as it does with muscle tissue, and also to improved
memory (Erickson and Kramer et al., 2011). This is also the case
for most of the prefrontal cortex, which is responsible for executive
functions. Furthermore, aerobic fitness is associated with memory
and executive function (Erickson et al, 2009; Suwabe et al., 2017,
Colcombe et al., 2004; Hyodo et al., 2016). The close relationship
between cardiovascular functions and cognition is thought to be
important in terms of evolutionary advantage of Homo sapiens
(Lieberman, 2013). The reason for this remains uncertain, although
there is a hypothetical relationship for an evolutionary model
linking APA and brain size in human, where selection acting to
improve APA performance through enhanced metabolic regulation
and oxygen transport alters baseline neurotrophic and growth-
factor signaling (Raichlen and Polk, 2013). Thus, Plato’s words ring
true: a healthy body and healthy mind are undeniably linked.

Mental health is a decisive factor in determining our quality
of life, and exercise has a positive effect on mental health because
it acts on the brain. Exercise impacts stress-related diseases such
as depression, neurodegenerative disorders such as dementia, and
inactivity-related diseases such as diabetes and obesity. Inactivity
leads to an overall weakening of our bodies and minds: this is a
global issue that must be addressed. In Japan, escalating healthcare
costs recently reached a new high, and many people, including a
large number of children, suffer from depression and obesity, often
combined with reduced physical fitness. Finding ways to improve
adherence to exercise is an urgent issue. But it’s hard to maintain
motivation with vague promises of future health benefits that are
years away.

Fortunately, in many countries, several forms of bodywork
such as yoga and tai chi, in which people meditate deeply and
become aware of their posture and breathing, are used in daily
life. However, there is still very little data for the effects of mild
exercise and bodywork. While the ACSM (American College of
Sports Medicine) guidelines for exercise prescription define both
very light and light intensity exercise, empirical exploration of their
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Hideaki Soya, Ph.D.

Director, Advanced Research Initiative for Human High Performance (ARIHHP)
Faculty of Health & Sport Sciences, University of Tsukuba, Japan

Promotion of Brain Fitness with Mild
Enjoyable Exercise: Translational Research

beneficial effects is still limited, and most known exercise benefits
result from moderate-intensity exercise.

To address this, we’ve been doing translational research,
called the “Brain Fitness” project, which aims to explore exercise
conditions that enhance endurance, cognition, and motivation. We
developed animal and human exercise models based on lactate
threshold level (a physiological measure) and found positive effects
of acute mild exercise on brain loci including the prefrontal cortex
in human (Byun et al., Neuroimage, 2014), and the hippocampus
in human (Suwabe et al., PNAS, 2018) and animals (Soya et al.,
NRS, 2007). Chronic mild exercise regimens resulted in improved
executive functions and spatial memory, respectively. Such beneficial
effects were greater in subjects with higher endurance, which
opened the possibility that endurance capacity is an important factor
in improving cognitive function through exercise that might involve
certain factors acting on brain and brawn simultaneously. Thus, we
explored two types of exercise regimens, mild and high-intensity
interval, which not only improved endurance, but also enhanced
hippocampus-dependent neurogenesis and memory, warranting
further mechanistic studies. Interestingly, brain dopaminergic
regulation increased with both regimens. Furthermore, a whole-
genome hippocampal array study revealed some crucial molecular
alterations with both regimens (e.g., upregulated APOE and IGF2,
and downregulated TNF) (Inoue et al., Plos One, 2015). Therefore,
any regimen which is meant to induce cognitive functions may
require some level of endurance, as well as anti-inflammatory
benefits and motivation factors. Exploration of such factors shall
provide new insight into mechanisms by which exercise enhances
cognitive functions and mitigates cognitive decline.

During this conference, we will share some of our current
studies showing the cognition-enhancing role of very mild
exercise on the brain, especially on the hippocampus (animals and
human) and the prefrontal cortex (human). Our current findings
show that even mild exercise activates the lateral prefrontal
cortex (Byun et al., Neuroimage, 2014.) and hippocampus (Soya,
BBRC, 2007; Suwabe et al., PNAS, 2018), which in turn improves
cognitive functions such as memory and executive functions.
Brain-genic androgen (Okamoto et al., 2012, PNAS) and lipids
and inflammatory factors (Inoue et al., Plos One, 2015), together
with bloodborne insulin-like growth factor (IGF-I) (Nishijima
et al., Neuron, 2010) are thought to play an important role in the
development of enhanced cognition. One especially interesting
finding is the synergistically beneficial effects associated
with brain-genic leptin when mild exercise is combined with
astaxanthin, a natural pigment used as a supplement (Yook et al,
PNAS, 2019).

We would be delighted if these research were to give rise to a
boom in mild exercise such as body work, and, thus, in some small
way serve to improve overall health both in Japan and throughout
the world.
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A tight metabolic coupling between astrocytes and neurons is a

key feature of brain energy metabolism (Magistretti and Alla-
man, Neuron, 2015). Over the years we have described two basic
mechanisms of neurometabolic coupling. First the glycogenolytic
effect of VIP and of noradrenaline indicating a regulation of brain
homeostasis by neurotransmitters acting on astrocytes, as glycogen
is exclusively localized in these cells. Second, the glutamate-stim-
ulated aerobic glycolysis in astrocytes. Both the VIP-and noradren-
aline-induced glycogenolysis and the glutamate-stimulated aerobic
glycolysis result in the release of lactate from astrocytes as an ener-
gy substrate for neurons (Magistretti and Allaman, Neuron, 2015;
Magistretti and Allaman, Nat Neurosci Rev, 2018; Cali et al., Front
Cell Neurosci, 2019)).

We have subsequently shown that lactate is necessary not only
as an energy substrate but also as a signaling molecule for long-
term memory consolidation and for maintenance of LTP (Suzuki et
al, Cell, 2011). At the molecular level we have found that L-lactate
stimulates the expression of synaptic plasticity-related genes such
as Arc, Zif268 and BDNF through a mechanism involving NMDA
receptor activity and its downstream signaling cascade Erk1/2 (Yang

SESSION 2: CO-SPONSORED BY WILLDYNAMICS

Takeshi Sakurai, Ph.D. /Shingo Soya, Ph.D.

International Institute of Integrative Sleep Medicine, University of Tsukuba, Japan

W™ i

To live a creative and active life, it is essential to keep high will-

power: an ability to try to overcome difficulties and challenges to
achieve goals. However, the biological mechanism Although the re-
ward system, executive function controlled by the prefrontal cortex
may be involved, the biological machinery to generate willpower,
a unique function of human, has been largely unknown. This re-
search area “Willdynamics” aims to uncover the mechanism of this
mental function, and the impact of social/internal environment on
willpower.

Orexins, a critical factor in stabilization of sleep/wakefulness
state, has been involved in motivated behavior (Sakurai et al.,
2014). However, it is still unknown about how the neural circuit
controlling arousal is also involved in “willpower”. We focused on
the role of orexin 1 receptor (OX1R) in voluntary wheel running
and found that OX1R deficient mice showed significant decrease
of wheel running activity. Intraperitoneal injection of OX1R
antagonist (SB334867) to the WT mice also showed significant
decrease of voluntary wheel running for several hours. To identify
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Pierre J. Magistretti, Ph.D.

Division of Biological and Environmental Sciences and Engineering, KAUST, Saudi Arabia
Department of Psychiatry, University of Lausanne Medical School, Switzerland

Neuron-Glia metabolic coupling mediated
by lactate: role in neuronal plasticity,
neuroprotection and neuropsychiatric diseases

et al, PNAS, 2014). A transcriptome analysis in cortical neurons
has shown that the expression of a total of 20 genes is modulated by
L-Lactate; of these, 16 involved in plasticity and neuroprotection
are upregulated and 4 involved in cell death are downregulated
(Margineanu et al. Front. Mol Neurosci, 2018). This set of results
reveal a novel action of L-lactate as a signaling molecule in
addition to its role as an energy substrate (Magistretti and Allaman,
Nat Neurosci Rev, 2018).

These actions of L-Lactate are also relevant for animal models
of neuropsychiatric disorders. Indeed we have shown that peripheral
administration of lactate exerts antidepressant-like effects in three
animal models of depression, Forced Swim test, Open Space
Forced Swim Test and chronic corticosterone administration. These
behavioral effects of L-Lactate administration are accompanied by
changes in the expression of genes that have been involved in mood
disorders (Carrard et al, Mol.Psy., 2016).

Finally, we have also shown neuroprotective effects
of L-Lactate in vivo in a model of stroke and in vitro on
excitotoxicity(Berthet et al, Cerebrovasc. Dis, 2012; Jourdain et al,
Sci Reports, 2018) .

Deciphering the neural mechanism of
‘willpower’ that motivates voluntary
wheel running

the downstream effector to regulate voluntary wheel running
via OX1R signaling, we used OX1R floxed (Oxl1rloxp/loxp) mice
mated with different Cre driver mice to generate cell-type selective
knockout mice. Specific deletion of OX1R in the dopaminergic (DA)
neurons using DAT-Cre mice (Oxl1rloxp/loxp; DAT-Cre) showed
significant decrease of voluntary wheel running, although these
mice showed comparable basal locomotor activity with controls.
Moreover, acute optogenetic stimulation of DA neurons in the
VTA recovered the amount of wheel running activity in OxIrloxp/
loxp; DAT-Cre mice. These results suggest that the excitatory
transmission via OX1R in the DA neurons might be important
to generate “willpower” for voluntary wheel running. Selective
deletion of OX1R in the noradrenergic (NA) neurons (Oxlrloxp/
loxp; NAT-Cre mice), or serotonergic (5-HT) neurons (OxIrloxp/
loxp; ePET-Cre mice) also showed significant decrease of wheel
running and basal locomotor activity. We are continuing to explore
the mechanism by which these monoaminergic systems contribute
to the voluntary wheel running activity.
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SESSION 3: EXERCISE AND NEURODEGENERATIVE DISEASE

Cajal Institute, Madrid. Spain
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by exercise

Beneficial actions of physical activity on brain function have been
related to a variety of activity-dependent processes triggered by
exercise such as enhanced blood perfusion, tissue remodeling (i.e.:
neurogenesis and angiogenesis), improved oxidative defence, or
even immune modulation. However, ever since the reported ex-
ercise-dependent increase in local growth factor production (i.e.:
BDNF) more than 20 years ago, evidence of a key role of trophic
factors in neuroprotection by exercise has become robust. The na-
ture and sources (i.e.: local, blood, muscle) of trophic inputs to the
brain during exercise are probably still not fully described, but an
important origin for exercise-mediated trophic input are circulating
hormones such as insulin-like growth factor I (IGF-I). During the
last two decades we have been analyzing the role of IGF-I as a me-
diator of exercise neuroprotection and have found that participates
in the striking variety of processes known to be positively affected
by exercise. Stemming from the original observation that exercise
increases brain uptake of serum IGF-I -resembling the capture by
other target organs of IGF-I such as skeletal muscle, this growth

Zsolt Radak, Ph.D.

Exercise is documented to be beneficial to vertebrate organisms
as it increases skeletal muscle, respiratory-cardiovascular fitness,
cognitive functions, and extending health span. It is also known
that exercise has powerful effects on microbiome. It has been re-
ported that exercise-induced changes in microbiome has an impact
on endurance capacity and neurogenesis. It is also known that
regular physical exercise and nutritional intecrvention decreases
both the incidence and symptoms intensity in Alzheimer Disease
(AD) along with changes in microbiome including those in the gut,
while direct link has not been established. We have examined if
exercise-induced changes in gut microbiome have beneficial effect
on cognitive functions using APP/PS1 mice. Results showed that
when APP/PS1 mice subjected to exercise and probiotic treatments
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Ignacio Torres Aleman, Ph.D.

Insulin peptides as mediators of neuroprotection

factor has been shown to modulate new neuron formation, synaptic
plasticity, anti-apoptotic and anti-oxidant defenses, inflammation,
and even mood and reward. Due to its wide cytoprotective actions,
the role of IGF-I in treatment and prevention of brain diseases by
exercise seems logical, whereas its actions on higher brain func-
tions (learning and memory, mood, attention..etc), already found in
invertebrates, demands a better knowledge of the processes mod-
ulated by IGF-I at the molecular, cellular and system level. In this
regard, our recent work in collaboration with other labs is showing
an interaction of IGF-I with insulin in brain glucose handling, a
cell-specific role of IGF-I in metaplasticity processes, and a direct
modulatory role on orexinergic circuits impacting on mood and
reward. Collectively, our observations provide molecular targets,
cellular mediators, circuits, and specific brain skills affected by in-
sulin-peptides. Hence, modulation of the activity of these hormones
by exercise may explain part of its neuroprotective actions while its
in-depth understanding will likely provide novel intervention tar-
gets in preventing and treating neurodegeneration.

University of Physical Education, Budapest, Hungary

The link between exercise, microbiome and
Alzheimer Diseases

significantly over-performed controls in maze tests, while exercise,
prebiotic alone and together decreases of beta-amyloid plaques, and
increased microglia numbers around plaques. At molecular level
improvement in cognitive functions was associated with increased
expression 8-oxoguanine DNA glycosylase-1 (OOGI) in APP/PSI
mice. Microbiome data revealed that AD development is associated
with leaky gut, which can be prevented by exercise training. Data
also show that exercise training increases the levels of anti-in-
flammatory microorganism, such as bacteria that are involved in
butyrogenesis. These data together show beneficial effects exercise
and probiotic on cognitive functions in mouse model, which can be
applied in benefit of human.



Alzheimer’s disease (AD) is a common progressive neurodegen-
erative disorders. To date, no curative pharmacotherapy exists for
AD. Therefore, strategies for prevention and/or delay AD disease
onset or progression need to be examined and implemented. Bet-
ter physical fitness levels induced by regular physical exercise has
been recommended as an effective non-pharmacological inter-
vention capable of modifing the neurocognitive disease. Since the
individuals with family history of Alzheimer’s disease and ApoE-4
(ADFH-ApoE-4) or mild cognitive impairment (MCI) have a high-
er risk of suffering dementia, the two groups will thus be discussed
in this talk. Event-related potentials and event-related neural oscil-
latory are two electroencephalographic signals which are sensitive
enough to identify elderly patients with early cognitive decline or
disease progression to MCI and/or AD. Based on neuropsycholog-
ical problems found in individuals with ADFH-ApoE-4/MCI and
executive functioning deficits being associated with poorer physical
fitness, the role of physical fitness in the relationship between MCI/
ADFH-ApoE-4 and the neurophysiological performance explored

Children and youth are at a greater risk of concussions than adults,
and once injured, take longer to recover. The risk of a repeat con-
cussion during recovery is also significantly higher, with subse-
quent injuries further complicating and prolonging recovery. The
increased incidence of sports-related concussion in youth and the
potentially serious long-term negative impact on their developing
brains has enormous repercussions. Little is still known about the
subtle and widespread changes in the brain and the effect of con-
cussion on the developing brain.

My team has been collecting resting state EEG in
adolescents with sports related concussion for the past few years.
Probing the brain during the “resting state” has emerged as a
powerful tool to map the functional organization of the brain.
Analysis of resting state functional networks has emerged as a
significant new way to investigate brain connectivity between
regions that are functionally linked in both healthy and disease/
injury states. We were the first to report significant differences
in functional networks in the frontal regions of the brain in

Chia-Liang Tsai, Ph.D.

National Cheng Kung University, Taiwan

Exercise types and neurocognitive performance
in mild cognitive impairment

using the ERPs and neural oscillatory will be introduced. Regular
physical exercise is a promising nonpharmacological intervention
to retard cognitive aging. Potential neurobiological mechanisms
could be increased levels of peripheral exercise-induced exerkines,
such as exercise-induced neuroprotective growth [e.g., brain-de-
rived neurotrophic factor (BDNF) and insulin-like growth factor
1 (IGF-1)] and pro-angiogenic factors [e.g., vascular endothelial
growth factor (VEGF) and fibroblast growth factor 2 (FGF-2)] and
reduced levels of pro-inflammatory cytokines [e.g., tumor necrosis
factor-a (TNFa), Interleukin-1-beta (IL-1p), IL-6, IL-8, and IL-
15]. The effects of acute and chronic exercise (aerobic vs. resistance
exercise modes) interventions on neurocognitive performance (i.e.,
behavior and ERPs) and neuroprotective (e.g., BDNF, IGF-1, VEGF,
and FGF-2) and inflammatory (e.g., TNF-a, IL-1p, IL-6, IL-8, and
IL-15) biomarkers in older individuals with MCI will be stated. In
addition, whether the two exercise modes produce divergent effects
on these molecular biomarkers and neurocognitive performance in
them will also be explored.

SESSION 4: SPORTS PERFORMANCE AND NEUROREHABILITATION

Naznin Virji-Babul, Ph.D.

University of British Columbia, Canada

Brain recovery from sports related concussion:
Is there a new normal?

adolescents with concussion using resting state fMRI. Importantly,
this work showed that functional connectivity measures derived
from resting-state EEG signals support the fMRI findings,
showing clear concussion related changes in local networks in the
dorsolateral prefrontal cortex that subserve cognitive function in
adolescents. This work established that resting state EEG signals
provide a simple, low-cost, non-invasive and direct measure
of brain connectivity that differentiates healthy controls from
individuals with brain injury.

Our longitudinal data show that the functional connectivity
of the concussed adolescents typically does not return to normal
even after one-year post-injury. This may be due to continued
neural trauma, reorganization of brain connectivity, or both. In this
talk I will discuss our findings showing disturbed brain dynamics
in adolescents who have experienced a sport related concussion. I
will then present pilot data on interventions directed at facilitating
brain recovery using several different methods such as physical
exercise and transcranial direct current stimulation (tDCS).
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Paralympic brain

One of the primary goals of basic neurorehabilitation studies is to
figure out the underlying neural mechanisms in the reorganization
of central nervous system after rehabilitation interventions. From
this perspective the athletes with disabilities, such as Paralympic
athletes would be the attractive research model, since they can
show the use-dependent plastic changes in CNS after the long-term
intervention of intensive physical training.

We have recently found that the brains of Paralympic athletes
are reorganized uniquely in such a manner dependent on disability
types and athletic-specific training. Factors playing the major roles
in the reorganization are most probably use-dependent plasticity
and disability-specific compensations.

In this presentation our current data obtained from the
following Paralympic athletes with various types of disabilities
who have been engaged in different sports will be introduced.

A) A long jumper and a high jumper with below knee amputee
Both para-athletes showed bilateral activation of the leg motor area
when they were producing knee joint torque during fMRI record-
ing, while no such bilateral motor area activation was observed
for the non-amputated leg. The transcranial magnetic stimulation
(TMS) study for the high jumper confirmed that the ipsilateral cor-
ticiospinal tract of the amputated side knee extensor has the higher
excitability and is recruited when he produces knee extension
torque to move the prosthesis.

B) The archer with congenital upper-limb loss

The highly skilled lower leg function and large expansion of toe
motor area in the primary motor cortex were observed with both
fMRI and TMS experiments.
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Kimitake Nakazawa, Ph.D.

The University of Tokyo, Department of Integrated Sciences, Japan

-compensation and reorganization in human brain-

C) Power lifters with spinal cord injury

The specifically improved upper-limb motor function assessed with
the isometric grip force stability test after spinal cord injuries was
found. The subsequent experiment showed that the higher stability
in grip force was common in persons with complete spinal cord
injury regardless of sports participation, although there is still pos-
sibility that the higher force stability would be further improved in
power lifters.

D) A swimmer with cerebral palsy

Electromyographic (EMG) activity and motion recording were per-
formed during swimming for the former Paralympic gold medalist.
The EMG activities and motion analysis showed that she performed
well-coordinated dynamic swimming movement without spasticity
in water, whereas on land she showed a typical hemiplegic type of
posture and gait pattern with spastic elbow flexor activity. Although
the MRI image of her brain revealed a large lesion in her left sen-
sory-motor area, the remarkable brain reorganization was found to
occur with the TMS experiment. The neural mechanisms enabling
dynamic swim motion in water will be presented with the current
knowledge regarding interaction between autonomic nervous activ-
ity and motor system, which can be applied to neurorehabilitation
for patients after damages to the CNS such as stroke and spinal
cord injury.

In the overall discussion the hypothetical neural mechanisms
inducing reorganization of their brains will be presented with
clinical implication in neurorehabilitation.



Most neurons in the adult central nervous system are terminally
differentiated and cannot be replaced when they die. However,
small populations of new neurons are generated in the mature
olfactory bulb and the hippocampus. In the adult hippocampus,
newly born neurons originate from putative stem cells that exist in
the subgranular zone of the dentate gyrus. The production, survival
and functional integration of newborn hippocampal cells is strong-
ly upregulated by voluntary wheel running in rodents. Enhanced
adult hippocampal neurogenesis is correlated with enhanced syn-
aptic plasticity, spatial navigation and pattern separation in rodents.
A recent focus of our research is to understand the functional con-
tribution of the different structures that provide direct input to new
neurons in the adult brain, as well as the reorganization of new neu-
ron networks by short-term (one week) or long-term (at least one
month) exercise. For these studies we combined retroviral labeling
with rabies virus as a retrograde tracer to delineate the circuitry
of new neurons during their development in the adult brain. There
is substantial upregulation of innervation of new neurons by the
entorhinal cortex supporting the proposed role of new neurons in
spatial and contextual memory processes. These studies show that
newly born neurons are an integral part of local intra-hippocampal
circuits as well as more distal (sub)cortical networks, and that these

Northeastern University, USA

The presentation will focus on recent research from our laborato-
ries that has examined the effects of exercise training interventions
and physical activity on cognitive and brain health. I will discuss
research that has examined changes in brain structure and/or func-
tion along with behavioral measures of cognition in interventions
lasting from several weeks to 1 year. Study populations will in-
clude children, young and middle-aged individuals, and the elderly
in addition to a variety of patient groups. Although the focus will
be on training to improve cardiorespiratory fitness I will also brief-
ly cover resistance training and well as multi-modal cognitive and
exercise training program. Finally, the presentation will identify
gaps in the literature and potential solutions.

SESSION S

Henriette van Praag, Ph.D.

Brain Institute and Charles E. Schmidt College of Medicine, Florida Atlantic University, USA

Physical activity and muscle-brain crosstalk

connections are subject to exercise-induced plasticity. Another as-
pect of our work is to investigate the peripheral triggers that may
mediate exercise induced changes in the brain. We have observed
that compounds that activate energy metabolism pathways in mus-
cle, such as AMP-kinase agonist AICAR, can also benefit adult
neurogenesis and memory function. Next, we set out to identify
factors that may be released into circulation from muscle (myokines)
that could influence brain function. Using proteomic analyses, we
found that conditioned medium derived from skeletal muscle cell
cultures treated with AICAR contains factors that can promote dif-
ferentiation of neural stem cells in vitro. In particular, we identified
lysosomal enzyme Cathepsin B (Ctsb) as a novel myokine. Analy-
ses across species in mice, monkeys and humans showed that this
factor upregulated in plasma with exercise. In humans, these chang-
es correlated with improved fitness and hippocampus-dependent
memory function. A recent focus of work is to determine whether
myokine levels may be upregulated in aging subjects following an
exercise intervention. Overall, our research evaluating the relation-
ship between myokines, adult hippocampal neurogenesis, neurotro-
phin levels and memory function aims to further our understanding
of effects of exercise on the brain.

SESSION 6

Art F. Kramer, Ph.D.

Walking Towards a Healthy Brain and Mind
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Memory impairment in Alzheimer’s Disease (AD) can be attribut-
ed to a significant decline in the functioning of the hippocampal
formation, a brain region crucial for learning and memory. More-
over, this structure hosts one of the most unique phenomena of
the adult mammalian brain, namely the addition of new neurons
throughout lifetime. This process, named adult hippocampal neu-
rogenesis (AHN), confers an unparalleled degree of plasticity to
the entire hippocampal circuitry. While synapse loss and conse-
quent death of mature neurons may be responsible for much of the
hippocampal malfunctioning in AD, studies in mice suggest that
the disease could also target AHN. Nonetheless, direct evidence of
AHN in humans has remained elusive. Thus, determining whether
new neurons are continuously incorporated to the human dentate
gyrus (DG) during physiological and pathological aging is a cru-
cial question with outstanding therapeutic potential. This talk will
present solid evidence supporting the occurrence of continued neu-
rogenesis in the human hippocampus of aged healthy subjects and
AD patients. By combining human brain samples obtained under
tightly controlled conditions and state-of-the-art tissue processing
methods, we have identified thousands of immature neurons in
the DG of neurologically healthy human subjects up to the ninth
decade of life. These neurons exhibited variable degrees of matu-
ration along differentiation stages of AHN. In sharp contrast, the
number and maturation of these neurons progressively declined as
AD advanced. These results demonstrate the robust persistence of
AHN during both physiological and pathological aging in humans,
and evidence impaired neurogenesis as a potentially relevant mech-
anism underlying memory deficits in AD that might be amenable
to novel therapeutic strategies. In this regard, our studies in murine
models of AD point to neuroprotective effects of lifestyle modify-
ing factors. Solid evidence of the positive effects exerted by phys-
ical exercise and environmental enrichment on animal models of
neurodegenerative diseases will be presented.
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Maria Llorens-Martin, Ph.D.

Centro de Biologia Molecular “Severo Ochoa”, CSIC-UAM, Madrid, Spain

Human adult neurogenesis as a mechanism of
brain plasticity in physiology and pathology
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