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研究成果の概要（和文）：自然環境において採餌や求愛は生存に不可欠であるが、すぐに成功せず、失望につな
がることも多い。この失望を乗り越えるための動機づけの神経機構は不明である。本研究では、従来、失望を受
動的に受け入れるのに重要であると考えられていた報酬系の要素である中脳ドーパミン神経細胞の活動を明らか
にすることを目的とした。この動機づけを強く誘導するラット行動モデルにおいて、腹側被蓋野に存在するドー
パミン細胞の一部の集団が、予期せぬ報酬の省略に反応して活動を増加させることを発見した。また、カルシウ
ムイメージング技術を用いることで、多くのドーパミンニューロンのカルシウム活性を同時に測定できた。

研究成果の概要（英文）：In the natural environment, adapting to variations in foraging and 
courtship, which are highly dynamic and often not immediately successful, are critical for survival.
 However, the neural mechanisms underlying the motivation to overcome disappointment are unknown. 
This study aimed to reveal a new type of activity of midbrain dopamine neurons (DN), the most 
important element of the brain reward system that was traditionally thought to be critical for 
passive acceptance of disappointment. In a novel rat behavioral model that strongly induces such 
motivation, we found that a subpopulation of DN in the ventral tegmental area increased activity in 
response to unexpected omission of reward. By employing calcium imaging technique at single-cell 
resolution, it was possible to measure the calcium activity of many dopamine neurons simultaneously.
 Overall, this study clarified the central neural mechanisms responsible for overcoming the omission
 of reward.

研究分野： Neuroscience
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研究成果の学術的意義や社会的意義
We developed a behavioral task that enabled us to quantitatively measure the ability to adaptively 
switch toward the next opportunity to obtain a probabilistic reward after the lack of reward. The 
study provides a better understanding of neuropsychiatric disorders such as depression or “
hikikomori”.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
Humans naturally set high goals in their work and study. Even in the event of 

“disappointment” when those goals are not achieved, increasing motivation to overcome 

it, rather than accepting and “giving up”, will lead to future success. If one lacks 

this ability, he/she will be socially unsuccessful, and will lead to problems such as 

depression or “hikikomori” after experiencing a setback. In animal behavior, 

overcoming disappointments in foraging and courtship, which are often not immediately 

successful, are critical for survival. Despite these universal and important functions, 

the neural mechanisms underlying such motivation has not been addressed. This is 

because, traditionally, an animal behavior model that mimics such motivation has not 

been linked to a technique for monitoring neural activity in millisecond-order.  

For this purpose, we introduced a novel rat behavioral paradigm in combination with in 

vivo calcium imaging of dopamine neurons (DN) at single-cell resolution, in order to 

address a specific question “what is the central neural mechanism responsible for the 

motivation to overcome disappointment?”  

 
２．研究の目的 
The goal of this study was to clarify the central neural mechanisms responsible for 

overcoming the omission of reward, focusing on the nature of the activity of the new 

type of DN which show increased activity in response to reward omission. 

(1) How are these two types of DN generated through the learning process? 

(2) To what attributes associated with the unexpected reward omission do the DN exhibit 

their activity 

 
３．研究の方法 
To address these questions, we developed a behavioral task that 

strongly induces the motivation to overcome unexpected reward 

omission, in head-fixed rats (Figure 1). In this task, a rat 

receives an odor stimulus after pushing a lever integrated with 

a reward presentation port, and then pulls the lever to obtain 

a probabilistic reward. After conditioning of each of three 

different odors with reward probabilities 100%, 50%, and 0% 

[Fig. 1, order of actions (1) to (2)], the latency to pull the 

lever after stimulus presentation [Fig. 1, (3)] was relatively 

longer when expecting a 50% reward probability than a 100% reward (the longest when 0% 

was expected). This behavior is explained by the assumption that rats were motivated 

when disappointments were induced (Esber & Haselgrove, 2011).  

Regarding in vivo imaging, a genetically-encoded Ca2+ indicator, GCaMP6f was expressed 

specifically in DN by the injection of a viral vector into the VTA of DAT-iCre rats. 

A gradient index (GRIN) lens was implanted directly above the VTA, and the changes in 

fluorescence intensity as a result of changes in the intracellular Ca2+ concentration 

Fig.1 Behavioral task 

used in this study 



was measured with a miniature fluorescence microscope (Inscopix, USA). 

Our results showed that a subpopulation of DN increased their activity in response to 

unexpected reward omission (ie. disappointment). Specifically, their activity increased 

at the timing of several hundred milliseconds in response to 50% no-reward, following 

the presentation of odor 2. In contrast, there was another type of DN (type 1 

“conventional” type) which decreased their activity in the case of reward omission, 

in agreement with the reward prediction error hypothesis (Schultz et al., 1997). 

 
４．研究成果 

In brief, we developed a behavioural paradigm that enabled us to quantitatively measure 

the ability to actively and adaptively switch toward the next opportunity to obtain a 

probabilistic reward after the lack of reward. Results of imaging DN in the anterior 

part of lateral VTA revealed that about half of Type 2 neurons showed increased 

responses to unexpected reward omission and decreased responses to unexpected reward. 

The responses of type 2 neurons were consistently slower than the RPE-type DA responses. 

Measurements of the DA levels showed that the trial-by-trial correlation between the 

type 2 dopamine response in dorsal part of anterior nucleus accumbens and behavioral 

switch toward the next reward became evident upon extinction and reintroduction of 50% 

reward that required new learning to adjust behavior to cope with unexpected no-reward 

actively and efficiently. Type 2 DN primarily signal error to actively cope with reward 

omission and provide a mechanism to switch toward future reward. 

Through this study, we have clarified the nature of the activity of new DN based on 

the degree of learning and their relationship with behavior. In addition, novel dopamine 

cells may work in complement to the conventional dopamine neurons, and investigating 

the relationship between these two types of DN is an important key to clarifying their 

fundamental. Also, this study will create new possibilities including the development 

of new therapies targeting the new DN, for a better understanding and diagnosis of 

neuropsychiatric disorders such as depression or “hikikomori” and addictions such as 

gambling in which dopamine function is deeply involved. The work has been published in 

Science Advances (Ishino et al., 2023). 
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