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Outline of the work:

Brain functions including human mental activity are based on the actions of neural circuits formed by
synapses of many neurons. Function and connectivity of neural circuits are optimally regulated by the
animal’s experience, that is, neural activity, throughout life. Prototypes of neural circuits are formed primarily
by genetic programs during embryogenesis, but they are modified by neural activity during postnatal
development. The brain of a neonatal animal has an excess number of immature synaptic connections. During
postnatal development, some are strengthened and remain while others are weakened and eventually
eliminated, leading to the establishment of functional neural circuits in adult animals. This is called “synaptic
pruning” and is considered to underlie reorganization of neural circuits during development.

Dr. Masanobu Kano elucidated the basic mechanism of synaptic pruning, using the postnatal
development of synaptic connections from cerebellar climbing fibers to Purkinje cells as a model. Purkinje
cells have two distinct excitatory synaptic inputs, namely, climbing fibers and parallel fibers. Dr. Kano
clarified that climbing fiber synapse pruning is completed through the following four processes. In newborn
mice, five or more climbing fibers form synaptic contacts onto the soma of Purkinje cells with almost the
same strengths of synaptic inputs. During the first postnatal week, synaptic inputs from a single climbing fiber
are selectively strengthened relative to those of the other climbing fibers in each Purkinje cell (selective
strengthening). Subsequently, only the strengthened climbing fiber extends along the dendrites of each
Purkinje cell and form synaptic contacts there (dendritic translocation). In parallel, synapses of the other
weaker climbing fibers are eliminated from the soma of each Purkinje cell through two distinct processes,
namely, the early and late phases of climbing fiber elimination. While the early phase is independent of
parallel fiber synapse formation, the late phase is critically dependent on it. Dr. Kano elucidated the outline of
the molecular mechanism of how neural activity strengthens synaptic inputs from only one climbing fiber and
eliminate synapses of the other climbing fibers. He demonstrated that synaptic inputs from climbing fibers
activate P/Q-type voltage-dependent calcium channels in Purkinje cells, and the resulting increase in calcium
concentration is essential for all the four processes mentioned above. On the other hand, he clarified that
synaptic inputs from parallel fibers activate metabotropic glutamate receptor type 1 in Purkinje cells and this
process is essential for the late phase of climbing fiber elimination. Moreover, Dr. Kano identified the
molecules involved in these two pathways.

In mature neural circuits, synaptic transmission is constantly modulated by neural activity. Dr. Kano
discovered a completely new regulatory mechanism of synaptic transmission. When postsynaptic neurons
become overactive, endocannabinoids (marijuana-like substances in the brain) are produced and released
from the postsynaptic neurons, act retrogradely to presynaptic cannabinoid receptors (CB1 receptors), and
suppress the release of neurotransmitters. Dr. Kano identified the three mechanisms for endocannabinoid
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production in postsynaptic neurons: an increase in intracellular calcium concentration, activation of Gg-
coupled receptors, or a synergistic effect resulting from the simultaneous occurrence of calcium elevation and
Gg-coupled receptor activation. The endocannabinoid-mediated retrograde suppression of synaptic
transmission is thought to function as a “circuit breaker” that suppresses excessive activity of neural circuits.
Furthermore, Dr. Kano identified that among multiple endocannabinoids, 2-arachidonoylglycerol (2-AG),
produced by the enzyme diacylglycerol lipase a (DGLa), is responsible for retrograde suppression of synaptic
transmission. Through these studies, Dr. Kano revealed that endocannabinoids, which are lipids in nature, are
responsible for retrograde modulation of synaptic transmission rather than classical neurotransmitters such as
amino acids and amines.

Dr. Kano also made groundbreaking findings on long-term synaptic plasticity that is thought to underlie
learning and memory. He clarified that metabotropic glutamate receptor type 1 and its downstream molecules
in Purkinje cells are essential for “long-term depression” at excitatory synapses, which is thought to be a basis
of cerebellar motor learning. He also discovered that “long-term potentiation” occurs at inhibitory synapses in
Purkinje cells, establishing a new concept that long-term plasticity exists not only in excitatory synapses but
also in inhibitory synapses.

In summary, Dr. Kano has made great contributions to elucidating the basic principles of neural circuit
development, establishing new concepts of modification of synaptic transmission, and pioneering new fields
of research of synaptic plasticity. His research has been highly regarded worldwide as being original and
having influenced subsequent research trends.

List of Main Publications (*, Corresponding author)

Original Articles

1. Kano, M.* and Kato, M.: Quisqualate receptors are specifically involved in cerebellar synaptic plasticity.
Nature 325, 276-279, 1987.

2. Kano, M., Rexhausen, U., Dreessen, J., and Konnerth, A.*: Synaptic excitation produces a long-lasting
rebound potentiation of inhibitory synaptic signals in cerebellar Purkinje cells. Nature 356, 601-604,
1992.

3. Aiba, A., Kano, M., Chen, C., Stanton, M.E., Fox, G.D., Herrup, K., Zwingman, T.A., and Tonegawa, S.*:
Deficient cerebellar long-term depression and impaired motor learning in mGluR1 mutant mice. Cell 79,
377-388, 1994.

4. Kano, M., Hashimoto, K., Chen, C., Abeliovich, A., Aiba, A., Kurihara, H., Watanabe, M., Inoue, Y., and
Tonegawa, S.*: Impaired synapse elimination during cerebellar development in PKCy mutant mice. Cell
83, 1223-1231, 1995.

5. Kano, M., Kano, M.-S., Fukunaga, K., and Konnerth, A.*: Ca’*-induced rebound potentiation of
y-aminobutyric acid-mediated currents requires activation of Ca*’/calmodulin-dependent kinase II. Proc.
Natl. Acad. Sci. U.S.A. 93, 13351-13356, 1996.

6. Kano, M., Hashimoto, K., Kurihara, H., Watanabe, M., Inoue, Y., Aiba, A., and Tonegawa, S.*: Persistent
multiple climbing fiber innervation of cerebellar Purkinje cells in mice lacking mGluR 1. Neuron 18, 71—
79, 1997.

7. Kano, M.*, Hashimoto, K., Watanabe, M., Kurihara, H., Offermanns, S., Jiang, H., Wu, Y., Jun, K., Shin,
H.-S., Inoue, Y., Simon, M.I., and Wu, D.: Phospholipase CB4 is specifically involved in climbing fiber
synapse elimination in the developing cerebellum. Proc. Natl. Acad. Sci. U.S.A. 95, 15724-15729, 1998.

8. Ichise, T., Kano, M., Hashimoto, K., Yanagihara, D., Nakao, K., Shigemoto, R., Katsuki, M., and Aiba,
A.*: mGluR1 in cerebellar Purkinje cells essential for long-term depression, synapse elimination, and



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

31

motor coordination. Science 288, 1832-1835, 2000.

Miyata, M., Finch, E.A., Khiroug, L., Hashimoto, K., Hayasaka, S., Oda, S., Inouye, M., Takagishi, Y.,
Augustine, G.J., and Kano, M.*: Local calcium release in dendritic spines required for long-term
synaptic depression. Neuron 28, 233-244, 2000.

Ohno-Shosaku, T., Maejima, T., and Kano, M.*: Endogenous cannabinoids mediate retrograde signals
from depolarized postsynaptic neurons to presynaptic terminals. Neuron 29, 729-738, 2001.

Maejima, T., Hashimoto, K., Yoshida, T., Aiba, A., and Kano, M.*: Presynaptic inhibition caused by
retrograde signal from metabotropic glutamate to cannabinoid receptors. Neuron 31, 463475, 2001.
Hashimoto, K. and Kano, M.*: Functional differentiation of multiple climbing fiber inputs during
synapse elimination in the developing cerebellum. Neuron 38, 785-796, 2003.

Tabata, T., Araishi, K., Hashimoto, K., Hashimotodani, Y., van der Putten, H., Bettler, B., and Kano, M.*:
Ca’" activity at GABA, receptors constitutively promotes metabotropic glutamate signaling in the
absence of GABA. Proc. Natl. Acad. Sci. U.S.A. 101, 16952-16957, 2004.

Hashimotodani, Y., Ohno-Shosaku, T., Tsubokawa, H., Ogata, H., Emoto, K., Maejima, T., Araishi, K.,
Shin, H.-S., and Kano, M.*: Phospholipase Cp serves as a coincidence detector through its Ca®
dependency for triggering retrograde endocannabinoid signal. Neuron 45, 257-268, 2005.

Hashimoto, K., Ichikawa, R., Kitamura, K., Watanabe, M., and Kano, M.*: Translocation of a “winner”
climbing fiber to the Purkinje cell dendrite and subsequent elimination of “losers” from the soma in
developing cerebellum. Neuron 63, 106—118, 2009.

Tanimura, A., Yamazaki, M., Hashimotodani, Y., Uchigashima, M., Kawata, S., Abe, M., Kita, Y.,
Hashimoto, K., Shimizu, T., Watanabe, M., Sakimura, K., and Kano, M.*: The endocannabinoid
2-arachidonoylglycerol produced by diacylglycerol lipase o mediates retrograde suppression of synaptic
transmission. Neuron 65, 320-327, 2010.

Hashimoto, K., Tsujita, M., Miyazaki, T., Kitamura, K., Yamazaki, M., Shin, H.-S., Watanabe, M.,
Sakimura, K., and Kano, M.*: Postsynaptic P/Q-type Ca’" channel in Purkinje cell mediates synaptic
competition and elimination in developing cerebellum. Proc. Natl. Acad. Sci. U.S.A. 108, 9987-9992,
2011.

Nakayama, H., Miyazaki, T., Kitamura, K., Hashimoto, K., Yanagawa, Y., Obata, K., Sakimura, K.,
Watanabe, M., and Kano, M.*: GABAergic inhibition regulates developmental synapse elimination in
the cerebellum. Neuron 74, 384-396, 2012.

Mikuni, T., Uesaka, N., Okuno, H., Hirai, H., Deisseroth, K., Bito, H., and Kano, M.*: Arc/Arg3.1 is a
postsynaptic mediator of activity-dependent synapse elimination in the developing cerebellum. Neuron
78, 1024-1035, 2013.

Kawamura, Y., Nakayama, H., Hashimoto, K., Sakimura, K., Kitamura, K., and Kano, M.*: Spike
timing-dependent selective strengthening of single climbing fiber inputs to Purkinje cells during
cerebellar development. Nat. Commun. 4,2732,2013.

Uesaka, N., Uchigashima, M., Mikuni, T., Nakazawa, T., Nakao, H., Hirai, H., Aiba, A., Watanabe, M.,
and Kano, M.*: Retrograde semaphorin signaling regulates synapse elimination in the developing mouse
brain. Science 344, 1020-1023, 2014.

Nakazawa, T.*, Hashimoto, R.*, Sakoori, K., Sugaya, Y., Tanimura, A., Hashimotodani, Y., Ohi, K.,
Yamamori, H., Yasuda, Y., Umeda-Yano, S., Kiyama, Y., Konno, K., Inoue, Takeshi, Yokoyama, K.,
Inoue, Takafumi, Numata, S., Ohnuma, T., Iwata, N., Ozaki, N., Hashimoto, H., Watanabe, M., Manabe,
T., Yamamoto, T., Takeda, M., and Kano, M.*: Emerging roles of ARHGAP33 in intracellular trafficking
of TrkB and pathophysiology of neuropsychiatric disorders. Nat. Commun. 7, 10594, 2016.

Narushima, M., Uchigashima, M., Yagasaki, Y., Harada, T., Nagumo, Y., Uesaka, N., Hashimoto, K.,



32

24.

25.

26.

27.

Aiba, A., Watanabe, M., Miyata, M., and Kano, M.*: The metabotropic glutamate receptor subtype 1
mediates experience-dependent maintenance of mature synaptic connectivity in the visual thalamus.
Neuron 91, 1097-1109, 2016.

Choo, M., Miyazaki, T., Yamazaki, M., Kawamura, M., Nakazawa, T., Zhang, J., Tanimura, A., Uesaka,
N., Watanabe, M., Sakimura, K., and Kano, M.*: Retrograde BDNF to TrkB signaling promotes synapse
elimination in the developing cerebellum. Nat. Commun. 8, 195, 2017.

Uesaka, N., Abe, M., Konno, K., Yamazaki, M., Sakoori, K., Watanabe, T., Kao, T.-H., Mikuni, T.,
Watanabe, M., Sakimura, K., and Kano, M.*: Retrograde signaling from progranulin to Sortl counteracts
synapse elimination in the developing cerebellum. Neuron 97, 796-805, 2018.

Nagahama, K., Sakoori, K., Watanabe, T., Kishi, Y., Kawaji, K., Koebis, M., Nakao, K., Gotoh, Y., Aiba A.,
Uesaka, N., and Kano, M.*: Setd/a insufficiency in mice attenuates excitatory synaptic function and
recapitulates schizophrenia-related behavioral abnormalities. Cell Rep. 32, 108126, 2020.

Sacai, H., Sakoori, K., Konno, K., Nagahama, K., Suzuki, H., Watanabe, T., Watanabe, M., Uesaka, N.,
and Kano, M.*: Autism spectrum disorder-like behavior caused by reduced excitatory synaptic
transmission in pyramidal neurons of mouse prefrontal cortex. Nat. Commun. 11, 5140, 2020.

Book and Reviews

1.

Kano, M.*, Hashimoto, K., and Tabata, T., Type-1 metabotropic glutamate receptor in cerebellar Purkinje
cells: a key molecule responsible for long-term depression, endocannabinoid signalling and synapse
elimination. Proc. Royal Soc. B 363, 21732186, 2008.

Kano, M.*, Ohno-Shosaku, T., Hashimotodani, Y., Uchigashima, M., and Watanabe, M., Endocannabinoid-
mediated control of synaptic transmission. Physiol. Rev. 89, 309—380, 2009.

. Kano, M.* and Hashimoto, K., Synapse elimination in the central nervous system. Curr. Opin.

Neurobiol. 19, 154-161, 2009.

Kano, M.* and Watanabe, M., Chapter 5 Cerebellar Circuits. In: Rubenstein, J. L. R. and Rakic, P. (ed.)
Comprehensive Developmental Neuroscience: Neural Circuit Development and Function in the Heathy
and Diseased Brain, volume 3, pp. 75-93. Amsterdam, Elsevier, 2013.

Ohno-Shosaku, T. and Kano, M.*, Endocannabinoid-mediated retrograde modulation of synaptic
transmission. Curr. Opin. Neurobiol. 29, 1-8,2014.

. Kano, M.*, Control of synaptic function by endocannabinoid-mediated retrograde signaling. Proc. Jpn.

Acad., Ser. B Phys. Biol. Sci. 90, 235-250, 2014.



