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Fig. 1

Neural circuitry for the horizontal vestibulo-ocular reflex (VOR) and optokinetic response

(OKR) eye movements. The memory of the adaptation of VOR/OKR is initially encoded on paral-
lel fiber (pf)-Purkinje cell synapses as short-term memory (STM), which is later transferred to
the cerebellar (vestibular) nuclear neurons to consolidate to long-term memory (LTM). ¢f, climb-

ing fiber; mf, mossy fiber.
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Fig. 2 Model of memory transfer for human prism adaptation of dart throwing proposed on the
basis of the experiments of Martin et al. ® 9, After 20-30 trials of throwing darts with wearing
prisms, the subject became to be able to throw the darts to the center of the target by a short-
term adaptation. The memory for short-term adaptation (STM) would be formed at parallel fiber

(p)-Purkinje cell (PC) synapses. STM would be

extinguished by the same number of drawing

darts with normal vision. After repetitions of short-term prism adaptation with appropriate in-

tervals, a long-term adaptation occurred and the subject was able throw the dart to the center

of the target at the initial trial without any training. The memory for long-term adaptation (LTM)
would be formed at mossy fiber (mf) -cerebellar nuclear neuron synapses through memory trans-
fer? 19, ¢f, climbing fiber; GR, granule cell layer; IO, inferior olive; PR, prism.
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Abstract
Memory transfer in cerebellar motor learning

Soichi Nagao
Laboratory for Motor Learning Control, RIKEN Brain Science Institute

Most of our motor skills are acquired through learning. Experiments of gain adaptation of ocular reflexes
have consistently suggested that the memory of adaptation is initially formed in the cerebellar cortex, and is
transferred to the cerebellar (vestibular) nuclei for consolidation to long-term memory after repetitions of training.
We have recently developed a new system to evaluate the motor learning in human subjects using prism adapta-
tion of hand reaching movement, by referring to the prism adaptation of dart throwing of Martin et al. (1996). In
our system, the subject views the small target presented in the touch-panel screen, and touches it with his/her
finger without direct visual feedback. After 15-30 trials of touching wearing prisms, an adaptation occurs in
healthy subjects: they became able to touch the target correctly. Meanwhile, such an adaptation was impaired in
patients of cerebellar disease. We have proposed a model of human prism adaptation that the memory of adapta-
tion is initially encoded in the cerebellar cortex, and is later transferred to the cerebellar nuclei after repetitions of
training. The memory in the cerebellar cortex may be formed and extinguished independently of the memory
maintained in the cerebellar nuclei, and these two memories work cooperatively.

(Clin Neurol 2012;52:994-996)
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