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The aims of the current research were to elucidate mechanisms of compensatory neural circuit formation and
functional recovery during the acute and chronic phases following central nervous system damage, to develop a
combination therapy that would effectively facilitate such recovery processes, and to explore biomarkers for
functional recovery. Five research groups were involved in pursuing these aims.

The Yamashita group analyzed the mechanism of how rehabilitation regulates plasticity, with the objective of
elucidating the mechanism of plasticity regulation following spinal cord injury in rodents. The corticospinal tract
was injured in spinal cord injury, but neurite formation was observed rostral to the injury site. The number of
neurites increased until 10 days post-injury, then decreased. Rotarod training promoted further pruning of neurites.
The group demonstrated by a loss-of-function experiment that this pruning was induced by an interaction between
Sema3a expressed in interneurons and neuropilin-1 expressed in neurites. Furthermore, in a study aiming to
analyze the plasticity regulation mechanism by transcranial magnetic stimulation (TMS), mice showed mild
levels of motor function recovery after being administered TMS following a spinal cord injury. However, a study
examining a therapeutic intervention combining humanized RGM antibody therapy and TMS during the acute
phase did not demonstrate an additive effect. Therefore, exploring the conditions of therapy combinations
informed by the plasticity regulation mechanism appears essential in order for a combined therapy to result in
beneficial effects.

The Takada group created a spinal cord injury model with macaque monkeys in which a unilateral 2/3 lesion
was made at below the cervical level so that reaching and grasping behaviors would be significantly impaired,
and administered TMS targeting the primary motor cortex. First, the group established the system of
administration using a newly introduced TMS apparatus, and then determined effective stimulation conditions.
Starting on day 5 after the injury, the motor function was evaluated over time using the Brinkman board test and a
reaching/grasping task. Repetitive TMS (rTMS) was started at week 5. Recovery of motor function was observed
one week after the initiation of rTMS, which was started after the completion of antibody administration. In
particular, individuals that were administered rTMS and antibodies demonstrated an improved therapeutic effect
as measured by the rate of recovery of Brinkman board test performance relative to controls that only received the
administration of antibodies.

The Fukunaga group established methods for resting-state functional magnetic resonance imaging (MRI) in
macaque monkeys, and created a spinal cord injury model in which skilled manual movements (i.e., precision
grip) were significantly impaired. The group observed and analyzed the recovery process over time using
behavioral experiments and MRI measurements. Fourteen healthy monkeys underwent resting state functional
MRI, diffusion-weighted MRI, and high-resolution structural MRI scans. In addition, the group created a spinal
cord injury model in 2 macaque monkeys with a unilateral 2/3 lesion below the cervical level. These animals were
trained with a manual dexterity task, and each monkey was administered either RGM antibodies or control
antibodies. At 5 weeks following the surgery, improvements were seen in precision grip, with the animal that
received RGM antibodies demonstrating a steeper recovery compared to the animal that did not receive RGM
antibodies. The animal that received RGM antibodies remained superior in task performance at 4 months
following the surgery. In the resting-state functional MRI analysis, spontaneous signal fluctuations and
inter-regional correlations, which is considered to show brain network activities, showed changes associated with

course of recovery.



The Kishima group performed MEG and resting state fMRI on patients with chronic-phase spinal cord injury
and on healthy controls. The research group had already collected data from close to 20 individuals in each group,
and identified a physiological index that is characteristic of spinal cord injury. In addition, the group introduced
monkeys into their research program and arranged the measurement environment in order to identify
physiological indices that are characteristic of spinal cord injury using monkeys.

The Okada group performed three sessions of 10-minute resting state fMRI on 9 healthy participants, and
analyzed these data individually using independent component analysis. In addition to sensory and motor
components, the group focused on visual and default mode network components.  Three sessions of resting-state
fMRI examination were conducted from the points of view of the detection order of the components and the
amount of signal change. The group confirmed that the coefficient of variation was stable. In addition, using the
resting state fMRI data of seven patients with chronic-phase spinal cord injury, the group investigated the order in

which sensory and motor components were detected relative to the total number of independent components.
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