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Elucidation of the serotonergic pathways underlying emotional functions using
optogenetics and genome editing
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We used optogenetic tools and CRISPR/Cas9-mediated in vivo gene editing to
manipulate serotonergic activity and a specific 5-HT receptor in mice. We found that different
serotonergic terminals, ventral hippocampus, ventral tegmental area/substantia nigra, and
subthalamic/parasubthalamic nucleus, are involved in regulating anxiety-like behavior,
antidepressant-like, and anti-impulsive effects, respectively. Furthermore, we found that the
stimulation of the 5-HT2C receptor is required to evoke anxiety-like behavior, but not to exert
anti-impulsive effects. We also demonstrated that the antidepressant-like effect of a selective
serotonin reuptake inhibitor (SSRI) was enhanced by CRISPR/Cas9-mediated 5-HT1A receptor gene
knockout in the dorsal raphe nucleus.



(1)
(2)
(1)
(1)
ChR2
() Cre
DNA
SgRNA, Cas9
(NGG)
3-
) 3-
3
1).(2)

@

14
(2 CRISPR/Cas9
3
2(ChR2) (C1285S)
spCas9
PAM
SsgRNA
(
3 1



5-HT2C

5-HT2C
5-HT2C
5-HT2C
Neuropharmacology
@
CRISPR/Cas9 5-HT1A
2018 3 (16K15552) 5-HT1A
DNA
5-HT1A
(SSRI)
in vivo CRISPR/Cas9
Brain Research ¢))
1
DRN: H fHlfE KR #%
MRN: IF PHEER#%
VH: RIS
STh: fRER T 4%
VTA: fE I E 5
\ 5.HT?2 5-HT1A
VH
M
@, >

MRN

H1. A&, 52, HEEEHET S0 = B RBREZEF YT 247

5-HT
5-HT

TPH2

VGLUT3
spCas9

saCas9 spCas9 saCas9

TPH2 TPH2
saCas9 VGLUT3 VGLUT3



Nebuka Mao Ohmura Yu lzawa Shuntaro Bouchekioua Youcef Nishitani Naoya Yoshida Takayuki 379
Yoshioka Mitsuhiro
Behavioral characteristics of 5-HT2C receptor knockout mice: Locomotor activity, anxiety-, and 2020

fear memory-related behaviors

Behavioural Brain Research

112394 112394

DOl
10.1016/j .bbr.2019.112394

Nishitani Naoya Sasamori Hitomi Ohmura Yu Yoshida Takayuki Yoshioka Mitsuhiro 141

Blonanserin suppresses impulsive action in rats 2019

Journal of Pharmacological Sciences 127 130
DOl

10.1016/j . jphs.2019.09.013

lzawa Shuntaro Chowdhury Srikanta Miyazaki Toh Mukai Yasutaka Ono Daisuke Inoue Ryo 365

Ohmura Yu Mizoguchi Hiroyuki Kimura Kazuhiro Yoshioka Mitsuhiro Terao Akira Kilduff Thomas

S. Yamanaka Akihiro

REM sleep?active MCH neurons are involved in forgetting hippocampus-dependent memories 2019

Science 1308 1313
DOl

10.1126/science.aax9238

Ohmura Yu Tsutsui-Kimura Iku Sasamori Hitomi Nebuka Mao Nishitani Naoya Tanaka Kenji F. 167

Yamanaka Akihiro Yoshioka Mitsuhiro

Different roles of distinct serotonergic pathways in anxiety-like behavior, antidepressant- 2020

like, and anti-impulsive effects

Neuropharmacology

107703 107703

DOl
10.1016/j -neuropharm.2019.107703




Nishitani Naoya Ohmura Yu Nagayasu Kazuki Shibui Norihiro Kaneko Shuji Ohashi Akiko 1719

Yoshida Takayuki Yamanaka Akihiro Yoshioka Mitsuhiro

CRISPR/Cas9-mediated in vivo gene editing reveals that neuronal 5-HT1A receptors in the dorsal 2019

raphe nucleus contribute to body temperature regulation in mice

Brain Research 243 252
DOl

10.1016/j -brainres.2019.06.009

Sasamori Hitomi Ohmura Yu Yoshida Takayuki Yoshioka Mitsuhiro 844

Noradrenaline reuptake inhibition increases control of impulsive action by activating D1-like 2019

receptors in the infralimbic cortex

European Journal of Pharmacology 17 25

DOl
10.1016/j .ejphar.2018.11.041

Yu Ohmura

Distinct serotonergic systems regulate anxiogenic, antidepressant-like, and anti-impulsive effects

6th Congress of Asian College of Neuropsychopharmacology

2019

Ohmura Y, Tanaka F K, Yamanaka A, Yoshioka M.

Distinct serotonergic systems regulate anxiety, depression, and impulsivity.

18th World Congress of Basic and Clinical Pharmacology

2018




Sasamori H, Ohmura Y, Yoshioka M.

Noradrenaline reuptake inhibition increases control of impulsive action by activating D1-like receptors in the infralimbic
cortex.

The 15th International Neuroscience and Biological Psychiatry Regional ISBS Conference (Asia)

2018




