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Exploring the neural circuit underlying nociception induced escape behavior
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The primary somatosensory cortex (S1) processes nociception as well as
tactile sensation. However, the separation of the two modalities within S1 remains unclear. Rodent
S1 contains two subregions based on the cytoarchitecture: the granular region known as the barrel
field (BF) and the dysgranular region (Dys). In this study, the neural response to noxious input and

tactile input was recorded across S1 subregions. We found that Dys selectively processes the
nociceptive, whereas BF mainly contributes to the tactile processing. To determine the functional
role of Dys on pain behavior, such as escape from harmful stimuli, we monitored the behaviors of
head-restrained animals freely moving on a spherical treadmill in response to noxious stimuli.
Optogenetic inhibition of the neuronal activity of Dys can decrease escape behavior from noxious
stimuli. Thus, Dys is important for processing of somatic discriminative aspect of pain, which
generates proper escape behavior from noxious inputs.



S1

S1

S1

S1
S1
S1
S1 4
granular 4 dysgranular
Dys granular
1
1
Barrel field, BF
dysgranular Dys
dysgranular
Dys BF
KSZ:éQQTf 'Siiézgii
in vivo i 3 3
5 BERRH bR
S1 Q 50 = Forward
()] =
5 g0/ SN
= 30 1 see o Backward
2 , )
HIVIN/ ZZ—
473 nm Dichroic mirror
L—H— =
%
bl @ | L
0.09 J/mm? 0.27 J/mm? be] |
39 FROMRL— 1 —
3
30Hz

473nm



BF
8
(G)) cre
Ai32
in vivo
Dys BF
Dys
Dys
2/3
PV-ChR2
Dys
Dys
3a 3b 1
3b 1 2
3a
granular
granular
5

cre

mean z-score
.

Dys
Dys BF
Parvalbumin
(ChR2)
(PV-Ai32)
213 B
58
BF
A FEREIRAERE
A S ERIRAVAS
4
6
BRARE B E

o

o o

\

—
\
[
mean z-score
.
o
—

Dys BF
(C57BL/6N)
PV-Cre

PV ChR2
BF
2/3
Dys
5
Dys
7317
*%
1 *
2os
to
g-o.s
-1 .
wo SN et
5
5 **P<0.01
6
S1
Dys
S1  Brodmann
2
3b
4, 5
Dys
S1

6

Dys

-0.5

mean zZ-score

@
e @%’!&\%‘\

oy°

Wo 5\\
6 Dys

3a

3b

Dys

1 Apkarian, V. A,, Bushnell, C. M., Treede, R.-D. & Zubieta, J.-K. Human brain mechanisms

of pain perception and regulation in health and disease. European Journal of Pain 9, 463-
463, doi:10.1016/j.ejpain.2004.11.001 (2005).



2 Kenshalo, D. R. & Isensee, O. Responses of primate Sl cortical neurons to noxious stimuli.
Journal of Neurophysiology 50, 1479-1496, doi:10.1152/jn.1983.50.6.1479 (1983).

3 Bushnell, M. C. et al. Pain perception: Is there a role for primary somatosensory cortex?
Proceedings of the National Academy of Sciences 96, 7705-7709,
doi:10.1073/pnas.96.14.7705 (1999).

4 Chen, L. Cortical Representation of Pain and Touch: Evidence from Combined
Functional Neuroimaging and Electrophysiology in Non-human Primates. Neuroscience
Bulletin 34, 165-177, doi:10.1007/s12264-017-0133-2 (2018).

5 Whitsel, B. L., Vierck, C. J., Waters, R. S., Tommerdahl, M. & Favorov, O. V.
Contributions of Nociresponsive Area 3a to Normal and Abnormal Somatosensory
Perception. The journal of pain : official journal of the American Pain Society,
doi:10.1016/j.jpain.2018.08.009 (2018).

6 Osaki, H., Kanaya, M., Ueta, Y., & Miyata, M. Distinct nociresponsive region in
mouse primary somatosensory cortex. bioRxiv,
https://doi.org/10.1101/2021.04.14.439725 (2021).



3 2 0 2

Fukui Atsushi Osaki Hironobu Ueta Yoshifumi Kobayashi Kenta Muragaki Yoshihiro Kawamata 10

Takakazu Miyata Mariko

Layer-specific sensory processing impairment in the primary somatosensory cortex after motor 2020

cortex infarction

Scientific Reports 3771
DOl

10.1038/s41598-020-60662-7

Osaki Hironobu, Kanaya Moeko, Ueta Yoshifumi, Miyata Mariko ePub

Distinct nociresponsive region in mouse primary somatosensory cortex. 2021

bioRxiv ePub
DOl

10.1101/2021.04.14.439725

Daisuke Ishii, Hironobu Osaki, Arito Yozu, Kiyoshige Ishibashi, Kenta Kawamura, Satoshi 401

Yamamoto, Mariko Miyata, Yutaka Kohno

Ipsilesional spatial bias after a focal cerebral infarction in the medial agranular cortex: A 2021

mouse model of unilateral spatial neglect

Behavioural Brain Research 113097

DOl
10.1016/j .bbr.2020.113097

9 0 2

Ishii Daisuke, Osaki Hironobu, Yozu Arito, Ishibashi Kiyoshige, Kawamura Kenta, Miyata Mariko, Kohno Yutaka

Role of the right frontal orienting field in visuospatial attention

The 97th Annual Meeting of the Physiological Society of Japan

2020




Osaki Hironobu, Kanaya Moeko, Ueta Yoshifumi, Miyata Mariko

Area- and layer-specific distribution of nociceptive neurons in the mouse primary somatosensory cortex

International Workshop on Frontiers in Defensive Survival Circuit Research

2020

78

2019

Osaki Hironobu, Ueta Yoshifumi, Miyata Mariko

The area- and layer-specific distribution of nociceptive neurons in the primary somatosensory cortex of mice

The 42nd Annual Meeting of the Japan Neuroscience Society

2019

Osaki Hironobu, Ueta Yoshifumi, Miyata Mariko

Dysgranular area in the primary somatosensory cortex selectively encodes noxious information

The 41st annual meeting of the Japan Neuroscience Society

2018




Hironobu Osaki, Mizuki Kawashima, Mizuki Yasuda and Mariko Miyata

Nociceptive neurons in the primary somatosensory cortex: area and layer specific distribution

2nd International Symposium on Embodied-Brain Systems Science

2018

2018

dysgranular

2018

Hironobu Osaki Moeko Kanaya Yoshifumi Ueta Mariko Miyata

The dysgranular area in the primary somatosensory cortex modulates nociception induced escape behavior

The 43rd Annual Meeting of the Japan Neuroscience Society

2020







