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Motor engram as dynamic change of the cortical network
during early sequence learning: an fMRI study
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Summary (Abstract) of doctoral thesis contents

Practice improves the performance of skilled movements, both in speed and
accuracy. Emphasis on speed improves performance by defining an optimal learning
target, but learning can occur even without speed incentives. Little is known how
these characteristics of the practice, the speed or accuracy, are integrated to form the
neural substrates of the sequence learning, that is, engram.

An engram has four characteristics: persistence, ecphory, content, and
dormancy. An engram is a persistent change in the brain by a specific experience or
encoding. An engram is activated through interaction with retrieval cues, which
activation is termed ecphory. The content of an engram reflects what transpired at
encoding thus predicts what can be recovered during subsequent retrieval. An engram
exists in a dormant state between the two active processes of encoding and retrieval.
During dormant state, the strength of the synaptic connection is stabilized. At retrieval,
the connections are destabilized so that the synaptic connections are modified. Thus,
the series of the active states of encoding and retrieval intervened by dormant state
comprises the learning process, resulting in the serial change in the spatiotemporal
pattern of the neural ensemble. The neural substrate of motor engrams in the human
brain is hard to identify because their dormant state is hard to discriminate. The
previous neuroimaging approaches to find out the motor engram have mainly focused
on the ecphory.

Here | utilized eigenvector centrality (EC) as the measure of the information
transfer at the network level accumulation, expecting that the trace of brain changes
brought about by motor training--the motor engram--may be determined using
functional MRI. EC is a class of graph theory-based measures assessing the centrality
or importance. While the eigenvector centrality favors nodes that have high
correlations with many other nodes, it specifically favors nodes that are connected to
nodes that are themselves central within the network. Thus, the EC takes into account
the entire pattern of the network, allowing us to estimate the importance of each voxel
within the whole brain network with seed- and task-free fashion.

To discriminate the engrams formed by an emphasis on speed or accuracy
targets, | conducted functional MRI with 58 normal volunteers, who performed a
sequential finger tapping task with the non-dominant left hand inside the scanner.
Participants practiced a tapping sequence alternately as quickly as possible (maximum
mode) or at a constant speed of 2 Hz, paced by a visual cue which specified the
sequence (constant mode). My hypothesis was that different learning modes enhance
distinct engrams. To quantify brain changes at the network level that characterize the
engram, even when dormant, | applied the EC to the residual time-series after
modeling out the task-related activity, because the residual BOLD
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(Blood-Oxygen-Level-Dependent) signals were thought to include task-non-specific
neural fluctuations, corresponding to spontaneous brain activity.

The performance was transferred from the constant mode to maximum mode,
but not vice versa. During the maximum mode, areas of greatest network centrality
indicating the engram location were found in the left anterior intraparietal sulcus
(alPS), connecting with the ventral inferior parietal lobule (IPL). During the constant
mode, a distinct engram was found in bilateral dorsal premotor cortex and right
primary motor cortex (M1). A learning-related increment in task-related activity in the
right M1 was observed in both modes.

Learning-related enhancement of EC in the left alPS during rest condition of
the maximum mode probably represented the accumulation of information provided by
the comparison between the action plan of the rapid transition of the one finger to the
next in the sequence and the actual feedback. Thus, the left alPS-IPL represented the
sensorimotor integration of precisely tuned rapid finger movements the one finger to
the next in the sequence. The PMd is a probable substrate for the coordinate
transformation from the visually presented spatial goals to joint movements in the
response domain through associative learning, coding the accuracy with the M1.
Therefore, within an M1-centered parietal-premotor network motor engram, the left
alPS-IPL appears to represent the sensorimotor integration of precisely timed rapid
finger movements, and the PMd and M1 the accuracy of their assignment. Present
findings constitute the first demonstration of motor engrams formed by only 30 min of
training.
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