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Switching off specific brain cells protects against stress
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Abstract
The brain’s response to stress is vital for selecting appropriate . . . . .
behaviors that ensure safety and survival. However, excessive or Brain-wide activation mapping

repeated stress can lead to mental health issues such as anxiety
disorders. Thus, understanding the mechanisms of stress response
may help reveal the onset mechanisms of mental illnesses. In our
study, we used a unique whole-brain imaging system, FAST sys-
tem, in conjunction with reporter mice that label activated neurons
with fluorescent proteins, to closely examine the brain immediately
after stress exposure. We analyzed this comprehensive brain ac- Stress
tivation maps with machine learning classification, and identified
that activation of the claustrum, a thin sheet-like brain regions un- %
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derneath the cerebral cortex, is characteristic of a stressed brain.
Furthermore, through neuroanatomical, chemogenetic, and opto-
genetic techniques, we found that activation a group of cells within
the claustrum elicits anxiety-related behaviors, while their inhibition
can prevent anxiety and depression-like behaviors.
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Fig 1
Previous research had highlighted the amygdala as center to °
processing negative emotions, but understanding the global im-
pact of stress on the brain was limited. We advanced this by quan-
titatively mapping neuron activation throughout the entire brain . . . .
following stress in a mouse model, utilizing brain-wide activation Activation of Inactivation of

mapping and machine learning to classify the data. Our findings ['CLA ensemble | [CLA ensemble |

revealed that stress response is characterized predominantly by . . . ore
activation in the claustrum. Specific claustrum neurons, when che- =>anx13ty behaviors = increase resilience

mogenetically activated, were found to induce anxiety-related be- to r‘epeated stress

haviors. In contrast, their suppression diminished such behaviors, = 80 x o 25 *
suggesting a pivotal role in stress-induced emotional regulation. - ° = -
Additionally, the claustrum receives inputs from stress-activated % g 60 : © 20

amygdala neurons, with targeted optogenetic activation of this cir- Q= {_ ° S 15 )

cuit alone prompting anxiety behaviors, highlighting the amygda- g c 40 H 5 10 o, T
la-claustrum circuit’s significance. Repeatedly suppressing claus- = 8_ 20 ’:‘ % o o

trum activity during stress exposure also reduced depression-like [e) ° Q 0.5 oo%
behaviors, indicating its potential as a therapeutic target for mental £ ol . . £ poloe o

health conditions. Prior to this, the claustrum was implicated in ’ ' .
consciousness and brainwave modulation but its exact function M M
in emotional response was ambiguous. This study not only opens hM3Dq hM4Di
avenues for mental iliness treatment innovations but also enhances Elevated plus maze Social preference
our understanding of the neural underpinnings of emotions, atten-

tion, and consciousness.

‘ Significance of the research and Future perspective

In this study, it has been discovered that a distinct cluster of neu-
rons in the claustrum orchestrates the manifestation of anxiety and
depression-like behaviors following stress. These findings open
new avenues for understanding the pathogenesis of stress-related
mental illnesses and pave the way for the innovation of novel treat-
ment strategies. This progress promises to lead to further research
into understanding the intricacies of how the mind functions.
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