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Elucidation of neural circuit mechanisms_underlying autonomic and behavioral
controls of body temperature and metabolism

Nakamura, Kazuhiro

131,600,000

Thermal homeostasis, which is the nature to maintain internal bod¥
temperature within a narrow range, is particularly essential for homeothermic animals including
humans, because all biological reactions and functions are affected by temperature. This study was
performed to elucidate the neural circuit mechanisms underlying autonomic and behavioral controls of

body temperature and metabolism. Specifically, we succeeded in the discoveries of the central
ascending neural pathways that transmit thermosensory information for behavioral thermoregulation,
the central circuit mechanism that drives hunger responses, and the central psychosomatic mechanism
that connects the brain circuits processing psychological stress and emotion with those controlling
vital functions. These circuit mechanisms we discovered not only underlie thermal homeostasis, but
also function for the defence of life from a variety of environmental stressors.



€y

@

®

¢y

@

sodium glucose cotransporter-2 dapagliflozin

®

in vivo

o

28°C  38°C 28°C  15°C

@




CTb FluoroGold
Y NPY
NPY IRt/PCRt
NPY
DREADD
12 5.4 kca
12 dapagliflozin
Fos
©)
DMH CTb
CTb  Fos
DP/DTT DMH
AAV DP/DTT DMH
DMH
DMH
DP/IDTT AAV
DMH
DP/DTT
@
38°C

TN
EHnLETD
REME

BEE - R &
BRI R G




@

GABA IRt/PCRt
NPY
IRt/PCRt NPY
IRt/PCRt GABA
IRt/PCRt
IR/PCRt  GABA
dapagliflozin

dapagliflozin

LY

gLy N B RS EE A
- 2Et]) e
REIES

©2017 Yoshiko Nakamura

il

®

DMH
DP/DTT

DP/DTT DMH

DP/DTT

DP/DTT DMH

DP/DTT DMH

PTSD
Science



M0y DFRFEE]RE B

ANL X - 58
KIMELE - DB
B EREIES

M S S
DP/DTT ~ fRF F&E 86 S REER

(hERENRE) EAEE
A =HEIT 5
RO B SRR
mEERE
\E I‘X/ N
EHER hLx
ERTH

Nakamura K. Central circuitries for body temperature regulation and fever. Am. J. Physial.
301:R1207-R1228, 2011.

Kataoka N, Hioki H, Kaneko T, Nakamura K. Psychologica stress activates a dorsomedial
hypothalamus-medullary raphe circuit driving brown adipose tissue thermogenesis and hyperthermia.
Cell Metab. 20:346-358, 2014.

Yahiro T, Kataoka N, Nakamura Y, Nakamura K. The lateral parabrachial nucleus, but not the
thalamus, mediates thermosensory pathways for behavioural thermoregulation. Sci. Rep. 7:5031,
2017.

Nakamura Y, Yanagawa Y, Morrison SF, Nakamura K. Medullary reticular neurons mediate
neuropeptide Y-induced metabolic inhibition and mastication. Cell Metab. 25:322-334, 2017.

Chiba Y, Yamada T, Tsukita S, Takahashi K, Munakata Y, Shirai Y, Kodama S, Asai Y, Sugisawa T,
Uno K, Sawada S, Imai J, Nakamura K, Katagiri H. Dapagliflozin, a sodium-glucose co-transporter
2 inhibitor, acutely reduces energy expenditure in BAT via neural signals in mice. PLoS One
11:e0150756, 2016.

Kataoka N, Shima Y, Nakagjima K, Nakamura K. A central master driver of psychosocial stress
responses in the rat. Science 367:1105-1112, 2020.



24 18 2 14

Kataoka Naoya Shima Yuta Nakajima Keisuke Nakamura Kazuhiro 367
A central master driver of psychosocial stress responses in the rat 2020
Science 1105 1112
DOI
10.1126/science.aaz4639
90
2019
618 626
DOI
43
2019
23 28
DOI
Morrison SF Nakamura K. 81
Central Mechanisms for Thermoregulation 2019
Annual Review of Physiology 285 308
DOI
10.1146/annurev-physiol-020518-114546




Ota Wataru Nakane Yusuke Kashio Makiko Suzuki Yoshiro Nakamura Kazuhiro Mori Yasuo 9
Tominaga Makoto Yoshimura Takashi
Involvement of TRPM2 and TRPM8 in temperature-dependent masking behavior 2019
Scientific Reports 3706
DOl
10.1038/s41598-019-40067-x
Nakamura Kazuhiro Nakamura Yoshiko 40
Hunger and Satiety Signaling: Modeling Two Hypothalamomedullary Pathways for Energy Homeostasis 2018
BioEssays 1700252
DOl
10.1002/bies.201700252
90
2018
408 412
DOl
10.14952/SEIKAGAKU.2018.900408
Koba Satoshi Hanai Eri Kumada Nao Kataoka Naoya Nakamura Kazuhiro Watanabe Tatsuo 596
Sympathoexcitation by hypothalamic paraventricular nucleus neurons projecting to the rostral 2018
ventrolateral medulla
The Journal of Physiology 4581 4595

DOl
10.1113/3P276223




Nakamura Kazuhiro

156

Afferent pathways for autonomic and shivering thermoeffectors 2018

Handbook of Clinical Neurology 263 279
DOl

10.1016/B978-0-444-63912-7.00016-3

Nakamura Yoshiko Nakamura Kazuhiro 470

Central regulation of brown adipose tissue thermogenesis and energy homeostasis dependent on 2018

food availability

Pflugers Archiv - European Journal of Physiology 823 837
DOl

10.1007/s00424-017-2090-z

Nakamura Yoshiko Yanagawa Yuchio Morrison Shaun F Nakamura Kazuhiro 25

Medullary Reticular Neurons Mediate Neuropeptide Y-Induced Metabolic Inhibition and Mastication 2017

Cell Metabolism 322 334
DOl

10.1016/j .cmet.2016.12.002

Yahiro Takaki Kataoka Naoya Nakamura Yoshiko Nakamura Kazuhiro 7

The lateral parabrachial nucleus, but not the thalamus, mediates thermosensory pathways for 2017

behavioural thermoregulation

Scientific Reports 5031

DOl
10.1038/s41598-017-05327-8




23
2017
161 168
DOl
28
- Topics - 2017
?
CLINICAL CALCIUM 65 72
DOl
10.20837/4201801065
47
2017
1356 1361
DOl
Yamamoto Junpei Imai Junta lzumi Tomohito Takahashi Hironori Kawana Yohei Takahashi Kei 8
Kodama Shinjiro Kaneko Keizo Gao Junhong Uno Kenji Sawada Shojiro Asano Tomoichiro
Kalinichenko Vladimir V Susaki Etsuo A Kanzaki Makoto Ueda Hiroki R Ishigaki Yasushi
Yamada Tetsuya Katagiri Hideki
Neuronal signals regulate obesity induced (3 -cell proliferation by FoxM1 dependent mechanism 2017
Nature Communications 1930
DOl
10.1038/s41467-017-01869-7




Yamada Daisuke Koppensteiner Peter Odagiri Saori Eguchi Megumi Yamaguchi Shun Yamada 11

Tetsuya Katagiri Hideki Wada Keiji Sekiguchi Masayuki

Common Hepatic Branch of Vagus Nerve-Dependent Expression of Immediate Early Genes in the Mouse 2017

Brain by Intraportal L-Arginine: Comparison with Cholecystokinin-8

Frontiers in Neuroscience 366
DOl

10.3389/fnins.2017.00366

Asai Y, Yamada T, Tsukita S, Takahashi K, Maekawa M, Honma M, lkeda M, Murakami K, Munakata Y, 152

Shirai Y, Kodama S, Sugisawa T, Chiba Y, Kondo Y, Kaneko K, Uno K, Sawada S, Imai J, Nakamura

Y, Yamaguchi H, Tanaka K, Sasano H, Mano N, Ueno Y, Shimosegawa T, Katagiri H

Activation of the Hypoxia Inducible Factor la Subunit Pathway in Steatotic Liver Contributes 2017

to Formation of Cholesterol Gallstones

Gastroenterology

1521 1535.e8

DOl
10.1053/j .gastro.2017.01.001

56

2016

149 153

DOl
10.2142/biophys.56.149

36

2016

93 99

DOl




Jaerin Sohn Shinichiro Okamoto Naoya Kataoka Takeshi Kaneko Kazuhiro Nakamura Hiroyuki 10
Hioki
Differential Inputs to the Perisomatic and Distal-Dendritic Compartments of VIP-Positive 2016
Neurons in Layer 2/3 of the Mouse Barrel Cortex
Frontiers in Neuroanatomy 124
DOl
10.3389/fnana.2016.00124
Chiba Y, Yamada T, Tsukita S, Takahashi K, Munakata Y, Shirai Y, Kodama S, Asai Y, Sugisawa T, 11
Uno K, Sawada S, Imai J, Nakamura K, Katagiri H
Dapagliflozin, a sodium-glucose co-transporter 2 inhibitor, acutely reduces energy expenditure 2016
in BAT via neural signals in mice
PLoS One €0150756
DOl
10.1371/journal .pone.0150756
Nakamura K 2
Neural circuit for psychological stress-induced hyperthermia. 2015
Temperature 352-361
DOl
10.1080/23328940.2015.1070944
67
2015
Brain and Nerve 1205-1214

DOl




123 71 31

Yoshiko Nakamura, Kazuhiro Nakamura

Prostaglandin EP3 receptor-expressing neurons in the preoptic area are activated by ambient heat exposure

Experimental Biology 2019

2019

Akihiro Fukushima , Kazuhiro Nakamura

Oxytocinergic Neurons in the Hypothalamic Paraventricular Nucleus Stimulate Brown Adipose Tissue Thermogenesis through
Rostral Medullary Raphe

Experimental Biology 2019

2019

Naoya Kataoka, Keisuke Nakajima, Kazuhiro Nakamura

A Cortex-Hypothalamic Pathway That Drives Sympathetic Responses to Psychosocial Stress

26th Annual Scientific Meeting of the PsychoNeurolmmunolgy Research Society

2019

2019




66

2019

Naoya Kataoka, Yuta Shima, Kazuhiro Nakamura

A cortico-hypothalamic pathway that mediates sympathetic and behavioral responses to psychosocial stress

Neuroscience 2019

2019

72

2019

Kazuhiro Nakamura

Central circuit for physiological responses to psychological stress

Seminar in the Department of Physiology at University of Bologna

2019




Kazuhiro Nakamura

Central neural mechanisms to defend life from environmental stressors

Visitng Fellows Lecture of the Institute of Advanced Studies at University of Bologna

2019

47

2019

2020

15

2020




15

2020

Kazuhiro Nakamura

Central neural pathways for thermosensory information to promote heat loss responses and heat avoidance behavior

97

2020

Naoya Kataoka, Yuta Shima, Kazuhiro Nakamura

Central circuit mechanisms of sympathetic and behavioral responses to psychological stress

97

2020

Yoshiko Nakamura, Kazuhiro Nakamura

Glutamatergic and GABAergic populations of prostaglandin EP3 receptor-expressing preoptic neurons are heat-responsive

97

2020




Akihiro Fukushima, Kazuhiro Nakamura

Oxytocinergic Transmission from Paraventricular Hypothalamic Nucleus to Rostral Medullary Raphe Stimulates Brown Adipose
Tissue Thermogenesis

97

2020

Manami Oya, Kazuhiro Nakamura

Production of anti-melanocortin-4 receptor antibodies to elucidate the mechanism of age-dependent obesity

97

2020

Shima Yuta, Kataoka Naoya, Kazuhiro Nakamura

A corticohypothalamic pathway for psychological stress-induced social avoidance

97

2020

Taro Minoura, Kazuhiro Nakamura

GABAergic neurons in the rostral medullary raphe nucleus regulate the cardiac parasympathetic system

97

2020




92

2019

62

2019

65

2018

2018




48

2018

Central circuit mechanisms of infection-induced and psychogenic fever: What"s different?

41

2018

23

2018

Kazuhiro Nakamura

Central thermoregulatory circuits to defend homeostasis from environmental stressors

Mini-Symposium on Temperature and Metabolism

2018




56

2018

2018

Kazuhiro Nakamura

Thermosensory afferent neural pathways for autonomous and behavioral thermoregulation

7th International Meeting of the Physiology and Pharmacology of Temperature Regulation

2018

Yoshiko Nakamura, Kazuhiro Nakamura

Heat exposure of rats activates prostaglandin EP3 receptor-expressing neurons in the preoptic area

7th International Meeting of the Physiology and Pharmacology of Temperature Regulation

2018




8 Hepato-Diabetology Conference

2018

71

2018

65

2018

65

2018




46

2018

Kazuhiro Nakamura

Mechanisms of psychological impacts on thermoregulation and metabolism

The 9th Federation of the Asian and Oceanian Physiological Societies Congress/The 96th Annual Meeting of the Physiological
Society of Japan

2019

Naoya Kataoka, Keisuke Nakajima, Kazuhiro Nakamura

A corticohypothalamic neural pathway that drives sympathetic responses to psychological stress

The 9th Federation of the Asian and Oceanian Physiological Societies Congress/The 96th Annual Meeting of the Physiological
Society of Japan

2019

Akihiro Fukushima, Kazuhiro Nakamura

Raphe-projecting oxytocinergic hypothalamic neurons stimulate brown adipose tissue thermogenesis

The 9th Federation of the Asian and Oceanian Physiological Societies Congress/The 96th Annual Meeting of the Physiological
Society of Japan

2019




Manami Oya, Kazuhiro Nakamura

Age-dependent attenuation of hypothalamic sensitivity to thermogenic melanocortin signals

The 9th Federation of the Asian and Oceanian Physiological Societies Congress/The 96th Annual Meeting of the Physiological
Society of Japan

2019

2018

2018

2018




2018

2018

2019

2019




Yoshiko Nakamura, Yuchio Yanagawa, Shaun F. Morrison, Kazuhiro Nakamura

Medullary reticular GABAergic neurons that mediate hunger responses induced by hypothalamic neuropeptide Y

Experimental Biology 2017

2017

Naoya Kataoka, Kazuhiro Nakamura

A ventral medial prefrontal cortex-dorsomedial hypothalamus monosynaptic pathway that drives sympathetic stress responses

Experimental Biology 2017

2017

Takaki Yahiro, Naoya Kataoka, Yoshiko Nakamura, Kazuhiro Nakamura

Determination of thermosensory pathways required for behavioural thermoregulation

Experimental Biology 2017

2017

Satoshi Koba, Eri Hanai, Nao Kumada, Naoya Kataoka, Kazuhiro Nakamura, Tatsuo Watanabe

Optogenetics stimulation of PVN-RVLM neurons increases renal sympathetic nerve activity in anesthetized rats

Experimental Biology 2017

2017




Naoya Kataoka, Kazuhiro Nakamura

A corticohypothalamic monosynaptic pathway that drives psychological stress-induced sympathetic responses

40

2017

Takaki Yahiro, Naoya Kataoka, Yoshiko Nakamura, Kazuhiro Nakamura

Lateral parabrachial nucleus mediates thermosensory signaling for behavioral thermoregulation

40

2017

25

2017

29

2017




Kazuhiro Nakamura

Difference in central circuit mechanisms of infection-induced and psychogenic fever

International Society for Autonomic Neuroscience (ISAN) 2017

2017

Yoshiko Nakamura, Yuchio Yanagawa, Shaun F. Morrison, Kazuhiro Nakamura

Medullary reticular nuclei control metabolism and food intake during starvation

International Society for Autonomic Neuroscience (ISAN) 2017

2017

Kazuhiro Nakamura

Central Neural Mechanisms to Defend Life from Environmental Stressors

Thermal Biology 2017 International Symposium

2017

Kazuhiro Nakamura, Naoya Kataoka

58

2017




2017

2017

45

2017

45

2017




45

2017
ConBi02017
2017
Y
ConBi02017
2017

2017

2017




2018

13

2018

95

2018

95

2018




95

2018

2017

2017

2017




Yoshiko Nakamura, Yuchio Yanagawa, Shaun F Morrison, Kazuhiro Nakamura

Neural circuit mechanism for hypothalamic neuropeptide Y-induced inhibition of brown adipose tissue thermogenesis

Experimental Biology 2016

2016

Naoya Kataoka, Kazuhiro Nakamura

Direct pathway from ventral medial prefrontal cortex to dorsomedial hypothalamus drives psychological stress-induced
hyperthermia

Experimental Biology 2016

2016

15 KAMOGAWA Cardiovascular Conference

2016

Kazuhiro Nakamura

Central pathways for cold-induced thermogenesis

Wenner-Gren “ Brown Adipose Tissue and Euthermia”

2016




Shaun F Morrison,

Y GABA

28

2016

28

2016

2016

89

2016




39

2016

Kazuhiro Nakamura, Naoya Kataoka

Higher brain stress signalling that drives the hypothalamo-medullary pathway for stress-induced hyperthermia

6th International Conference on the Physiology and Pharmacology of Temperature Regulation (PPTR2016)

2016

Yoshiko Nakamura, Yuchio Yanagawa, Shaun F Morrison, Kazuhiro Nakamura

Medullary neural circuit for neuropeptide Y-mediated inhibition of brown adipose tissue thermogenesis

6th International Conference on the Physiology and Pharmacology of Temperature Regulation (PPTR2016)

2016

Naoya Kataoka, Kazuhiro Nakamura

Sociopsychological stress activates ventral medial prefrontal cortex-dorsomedial hypothalamus pathway that drives brown
adipose tissue thermogenesis and hyperthermia

6th International Conference on the Physiology and Pharmacology of Temperature Regulation (PPTR2016)

2016




2016

2016

28

2016

12

2017

Yoshiko Nakamura, Yuchio Yanagawa, Shaun F Morrison, Kazuhiro Nakamura

Hypothalamic neuropeptide Y inhibits brown adipose tissue thermogenesis via activation of medullary reticular GABAergic
neurons

94

2017




Naoya Kataoka, Kazuhiro Nakamura

Sociopsychological stress activates ventral medial prefrontal cortex-dorsomedial hypothalamus pathway that drives
sympathetic stress responses

94

2017

Tetsuya Yamada, Hideki katagiri

Role of the inter-organ network from the liver in systemic energy metabolism

The 59th Annual Meeting of the Japanese Diabetes Society

2016

37

2016

Tetsuya Yamada, Hideki katagiri

Role of the inter-organ neural network from the liver in systemic energy metabolism

The 39th Annual Meeting of the Japan Neuroscience Society

2016




2016

2016

SGLT2

2017

93

2016




Medullary circuit for neuropeptide Y-driven metabolic inhibition: a hunger response to survive starvation

93

2016

A ventral medial prefrontal cortex-dorsomedial hypothalamus pathway driving psychological stress-induced hyperthermia

93
2016
11
2016
Shaun F Morrison
Y
11

2016




2016

2016

77

2016

60

2016




68

2015

Nakamura K

Central hunger signaling that inhibits brown adipose tissue thermogenesis

Kyoto Conference of Young Lions in Obesity Research

2015

Nakamura K

Cold-defense neural pathway drives stress-induced hyperthermia

International Society for Autonomic Neuroscience (ISAN) 2015

2015

53

2015




27

2015

Shaun F Morrison

Neuropeptide Y

27

2015

Central circuit mechanism of psychogenic fever

38

2015

Medial prefrontal cortical neurons involved in sociopsychological stress-induced brown fat thermogenesis and hyperthermia

38

2015




40

2015

Yoshiko Nakamura, Yuchio Yanagawa, Shaun F Morrison, Kazuhiro Nakamura

Medullary reticular GABAergic neurons mediate neuropeptide Y-induced inhibition of brown adipose tissue thermogenesis

International Society for Autonomic Neuroscience (ISAN) 2015

2015

Naoya Kataoka, Kazuhiro Nakamura

Medial prefrontal coltical to the hypothalamo neurons involved in psychological stress induced BAT thermogenesis through
activates of hypothalamo-medullary neural pathway

Neuroscience 2015

2015

SGLT2

51

2015




38

2015

Tetsuya Yamada, Hideki Katagiri

Inter-organ neural network mediate the regulation of systemic energy metabolism

The 36th Annual Meeting of Japan Society for the Study of Obesity and The 46th NIPS International Symposium

2015

89

2016

2019

212




73

74

2018

1100

13

2017

308

2017

15

2016

400

2016

230 80-86

Annual Review 2016




39

2016

896 823-836

https://www.med.nagoya-u.ac. jp/physiol2/

https://ww.med.nagoya-u.ac. jp/physiol2/english.html

http://www.tmd.ac.jp/grad/cme/index.html

(Yamada Tetsuya)

(90400374) (12602)
(Nakamura Yoshiko)

(60548543) (13901)
(Takahashi Kei)

(00644808) (11301)




(Kataoka Naoya)

(20572423) (13901)
(Fukushima Akihiro)

(60799782) (13901)
(Oya Manami)

(90777997) (13901)




