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研究成果の概要（和文）：本研究では、環境の変化に応じて同一個体が示すストレス対処行動の背景にあるドー
パミン神経系の役割に注目した。研究成果は以下の３点にまとめられる。１）脳の微小領域である手綱核は中脳
ドーパミン神経系を抑制的に制御し、その病的活性化がストレス下におけるマウス行動を受動的対処へとシフト
させた。２）ドーパミン神経伝達を脳局所で阻害する遺伝子改変法を新規に開発し、同方法により腹側線条体で
のドーパミン神経伝達がストレス対処行動を制御する事を明らかにした。これらの研究成果はJournal of 
Neuroscience誌などへ発表した他、プレス発表を通して発信した。

研究成果の概要（英文）：We focused on a role of dopaminergic transmission in modulation of 
stress-coping behaviors responsive to the environmental challenge. Our achievement is summarized as 
follows. 1. We identified a small brain area called habenula, which modulated central dopaminergic 
activity, directed mouse stress-coping behaviors to the passive behaviors. 2. We developed a novel 
method to knock out the dopaminergic receptors in a specific brain regions. With it, it turned out 
that dopaminergic transmission in the ventral striatum modulate the coping behaviors under the acute
 stress. 

研究分野： 神経生理学

キーワード： ストレス　ドーパミン　モノアミン　手綱核　線条体　ゲノム編集
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令和

研究成果の学術的意義や社会的意義
ストレス下における動物の行動選択は個体の生存を左右する重大な意思決定であるにも関わらず、その神経機構
については未だ不明な点が多く残されている。ストレス対処に関わる神経伝達物質ドーパミンおよびその代謝に
関わる分子や脳領域を新たに同定した本研究成果は、ストレスの影響下にある精神疾患の病態解明や災害時にお
けるストレス関連傷害の予防へ向けた治療戦略を考える上で重要な示唆を与えると考えられる。また、本研究は
新学術領域研究「行動適応を担う脳神経回路の機能シフト機構」の計画研究として行われ、ストレス時の脳障害
や回復機構を明らかにした点で新たな学術領域の創造に貢献した
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The response of carbon fiber electrodes to different
concentrations (n=10). Error bars indicate the standard
errors of the mean.
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Color	plot	(left	column)	and	line	plot	(lower	right	corner)	of	the	voltammetric recording	from	
the		dorsal	(blue)	and	ventral	striatum	(red)	showing	the	diffential time	course	of	the	
dopamine	release	dependent	on	the	subregion in	the	striatal	tissue.	Slower	recovery	of	the	
extracellular	dopamine	concentration	to	the	baseline	could	be	probably	due	to	the	higher	
concentration	of	dopamine	transporter	in	the	dorsal	striatum	reported	previously.	Inset	at	
the	right	upper	corner	indicates	the	orientation	of	the	carbon	fiber	electrodes	targeting	
dorsal	(DLS,	blue)	and	ventral	striatum	(NAc,	red).
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With the transduction of AAV expressing ChR2, photostimulation of the lateral habenula
resulted in the net decrease (tonic stimulation of LHb at 40 Hz) or increase (oscillatory
stimulation of LHb with 20 Hz burst applied at 4 Hz).
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Detection of the dopamine using the carbon fiber
microsensor in vitro and in vivo. (A) Carbon fiber
microsensor used for the in vitro and in vivo
experiments. It consists of carbon fiber encased in
fused silica tube (blue bracket) and gold pin (red
bracket) connected with electrically conductive
adhesive and dental resin (black bracket). (B)
Background-subtracted cyclic voltammograms of 5
different concentration of dopamine tested in vitro.
(C) Dopamine concentration/current response
curve obtained from in vitro calibration (N=8). (D)
Background-subtracted cyclic voltammograms of 5
different pH increase tested in vitro. (E) pH
change/current response curve obtained from in
vitro calibration (N=10). (F) Color plot of dopamine
release and pH shift elicited by In vivo stimulation
of the medial forebrain bundle (60 Hz, 180 pulses
at 120 µA; black bar). (G) Representative
dopamine and pH training sets obtained from mfb
stimulation, and used for principal component
regression (PCR). (H) PCR extracted dopamine
concentration change (top), and pH shift (bottom)
from Figure 2F mfb stimulation. Error bars indicate
standard errors of mean (SEM).

Recording with carbon fiber electrode
implanted chronically (A) revealed that
dopamine release was reduced when the
animal started to struggle (B) with
significant body movement (C). Population
analysis showed that such a reduction of
dopamine release was observed across
trials and animals (D, N = 5 mice) with
statistical significance (F). Error bars
indicate the mean +/- standard error of
mean. **, p < 0.01.

sgRNASaCas9 U6CMV

polyA
AAV ITR ITR

(A-L) Coronal sections of nucleus accumbens of the mice which received injection of AAV-CRISPR/Cas9 vectors with no
target (AAV-SaCas9; A-D), targeting Drd1a (AAV-SaCas9-Drd1sg; E-H) and Drd2 (AAV-SaCas9-Drd2; I-L) showing HA-tagged
Cas9 (green in A, C, E, G, I, K), D1R (red in B, C, F, G, J, K) and nucleus (DAPI; blue in D, H, L). (M) Bar graph showing the
normalized integrated density of the fluorescence labeling for the D1R in the nucleus accumbens of the mice with AAV-
SaCas9 (black), AAV-SaCas9-Drd1sg (red) and AAV-SaCas9-Drd2 (blue) expressing Cas9. (N-Y) Coronal sections of nucleus
accumbens of the mice which received injection of AAV-CRISPR/Cas9 vectors with no target (AAV-SaCas9; N-Q), targeting
Drd1a (AAV-SaCas9-Drd1sg; R-U) and Drd2 (AAV-SaCas9-Drd2; V-Y) showing HA-tagged Cas9 (green in N, R, V, P, T, X), D2R
(red in O, S, W, P, T, X) and nucleus (DAPI; blue in Q, U, Y). (Z) Bar graph showing the normalized integrated density of the
fluorescence labeling for the D2R in the nucleus accumbens of the mice with AAV-SaCas9 (black), AAV-SaCas9-Drd1sg (red)
and AAV-SaCas9-Drd2 (blue) expressing Cas9.***, p < 0.001 (one-way ANOVA followed by Tukey’s multiple comparison). NS,
not significant. aca, anterior part of the anterior commissure.

(A, C, D, F, G) Dot plots showing the total distance moved in open-field test(A), 1% sucrose preference (C), the number of
struggling bouts (D), latency to immobility (F) and immobility duration (G) of the mice which received AAV-SaCas9 (black dots),
AAV-SaCas9-Drd1sg (blue dots) and AAV-SaCas9-Drd2sg(red dots) into the nucleus accumbens. *, p < 0.05; **, p < 0.01 (one-
way ANOVA followed by Tukey’s multiple comparison). NS, not significant. Values are presented as meanìSEM. (B)
Representative open-field traces of the movement of mice with injection of AAV-SaCas9 (left), AAV-SaCas9-Drd1sg (middle)
and AAV-SaCas9-Drd2sg (right) into the nucleus accumbens. (E) Representative time course of the body movement in the mice
with injection of AAV-SaCas9 (top, black), AAV-SaCas9-Drd1sg (middle, blue) and AAV-SaCas9-Drd2sg (bottom, red) under the
tail suspension stress.
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