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Impairment of sensory, motor and cognitive functions are the causes of long-lasting

devastating suffer for the patients with neuronal injuries. Therefore, development of effective

therapeutic strategies is waited, however for that, understanding the recovery mechanism is

crucial. The functional recovery after neuronal injuries are considered to be a kind of motor

learning, and we need to understand the mechanism in the framework of systems

neuroscience. In this talk, I will summarize our recent achievements on two recovery models

using macaque monkeys. One is the recovery of dexterous hand movements after partial

spinal cord injury. In this case, after the transection of the corticospinal tract (CST), the

precision grip of the hand is impaired but substantial recovery is observed through intensive

rehabilitative trainings. Here, interneurons in the spinal cord take over the function of the

direct connection of CST to hand motoneurons. At the cortical level, the bilateral motor and

premotor cortices contribute to recovery with different time sequences, and furthermore, the

limbic structure such as the nucleus accumbens also contribute by facilitating the motor

cortical activity. Thus, large-scaled networks are involved in the recovery. Another model is

the blindsight after injury of the primary visual cortex. Here, the areas like superior colliculus,

pulvinar and parietal cortex, which are not essential for the control of simple eye movements

become critical for the recovery. Thus, the mechanism how the areas which are not essential

in the intact state are recruited to the recovery will be argued.

Systems neuroscience of functional recovery after brain 
and spinal cord injury
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Peripheral neurons are readily capable of regeneration after nerve damage, which is unlike
neurons in the central nervous system. The immune response to peripheral nerve injury
contributes to the adaptive mechanisms of axonal regeneration, but it may also trigger
maladaptive changes which lead to incomplete functional recovery such as neuropathic pain.
Understanding the roles of immune cell populations in these processes is therefore likely to
help the resolution of pain after nerve injury.

We investigated the response and functional consequences of Natural Killer (NK) cells, a
cytotoxic peripheral immune cells, in the context of peripheral nerve injury from the adult
mouse. Our study revealed cytotoxic NK cells can trigger the specific degeneration of
damaged primary afferent axons that are still intact in the injured axons. We have identified
that RAE1, an activating ligand of NK cells, is specifically upregulated by the damaged
peripheral nerve and NK cells are infiltrated into the injured peripheral nerve by
extravasation. The physical contact mediated by RAE1 and NKG2D, activating receptors of
NK cells, between injured sensory axons and NK cells leads to the degeneration of the
injured sensory axons. NK cell function correlates loss of sensation due to degeneration of
injured afferents and lowered levels of mechanical hypersensitivity after axonal reinnervation.
We propose that NK cell-mediated neurodegeneration may complement Wallerian
degeneration which occurs after peripheral nerve injury. This discovery further provides new
insight into non-neuronal mechanisms of damaged axon clearance and suggests that targeting
NK cells may have a therapeutic potential to treat chronic pain patients with peripheral
neuropathy.

Targeting Peripheral Neuropathy and Chronic Pain with 
Natural Killer Cells
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Although brain bank is a mature concept and has been operated in most countries for decades,
it is still at its infancy in Taiwan for several obstacles: public awareness, law regulations,
infrastructure etc. Nevertheless the necessity for brain bank to facilitate neuroscience
researches in Taiwan has been proposed since 1990s. Indeed there have been voices to set up
brain bank emerging from various groups: scientific communities, medical researchers, and
patient groups etc. This is particularly urgent as Taiwan became an “aged” society with
neurodegenerative disease (Alzheimer disease, Parkinson disease etc) and rare diseases
(spinocerebellar atrophy, motor neuron disease, and familial mayloid polyneuropathy etc)
emerging as medical and socioeconomic burden. Since 2017, under the auspices of Society
for Neurological Rare Disorders-Taiwan and guided by National Health Research Institutes
(NHRI), Taiwan Brain Bank task force was formed to tackle the above difficulties, in
particular, the cadaver dissection law which prohibited immediate processing of brain tissues.
Responding the combined efforts from patient groups and medical experts, in 2019 Ministry
of Health and Welfare announced that brain bank can be established following the regulation
of biobank regulations in Taiwan. Currently we are preparing all documents for establishing
the first brain bank in Taiwan. In the meantime, we sent neuropathologist to practice brain
bank and started collecting brain tissues, conducting brain pathology examinations and
research. Our long-term goal is to establish Taiwan Brain Bank consortium and provide high-
quality brain tissues to researcher in Taiwan and worldwide.

Taiwan brain bank: current progress and future 
perspectives
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Clinicians and researchers are facing the huge challenge of developing new treatment for
mental disorders despite of the advance of neurosciences. Current psychiatric practice is
dominated by the use of pharmacological and psychological therapies; however, the limited
therapeutic effects of monoamine-based antidepressant therapy, for example, imply that the
monoamine hypothesis is insufficient to approach the aetiology of major depressive disorder
(MDD). Accumulating evidence has shown the relationship between diet quality (and
potential nutritional deficiencies) and mental health, and for the judicious application of
nutrient-based supplements to address deficiencies, or as mono- or augmentation therapies.
On behalf of the International Society of Nutritional Psychiatry Research (ISNPR), we
recently published a statement in the Lancet Psychiatry and World Psychiatry and treatment
Guideline in the Psychosomatics and Psychotherapy that nutritional medicine is regarded as a
mainstream in psychiatry.

Several lines of evidence support the efficacy of the omega-3 polyunsaturated fatty acids (n-3
PUFAs) eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) as preventive and
treatment strategies in MDD. The key proposed biological antidepressant mechanisms of n-3
PUFAs include: (1) neurotransmitter regulation, (2) anti-inflammatory and anti-oxidative
effects, (3) neuroplasticity effects, and (4) impact on the arachidonic acid cascade. Although
DHA is the major n-3 PUFA in the brain, EPA seems to be the most active n-3 PUFA
regarding antidepressant effects. Recent studies have established that EPA enters the brain,
but is rapidly metabolised following entry. Therefore, the homeostatic mechanisms of EPA
and the cell signalling of its derivatives (e.g. resolvins and endocannabionids) may play
important roles in EPA’s antidepressant effects.

Nutritional neuroscience as mainstream of psychiatry: 
How omega-3 fatty acids interface mind and body?
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