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Pathophysiological significance of neuron-astrocyte implication of PACAP on
stress-induced emotional disorder
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Pituitary adenylate cyclase-activating polypeptide (PACAP) functions as a
neurotransmitter via its specific receptor PACIR. We found from the analysis of PACAP knockout mice
that PACAP is important for fear memory learning, but the details are not well understood. On the
other hand, we found that chronic pain is elicited by sustained activation of astrocytes by
PACAP-PACIR signaling. Therefore, by examining the association of astrocyte-neuronal lactate shuttle

driven by PACAP-PACIR with stress affective disorder and fear memory, we gained insight into the
pathophysiological role of PACAP-PACIR signaling in affective disorder and other disorders.

ADCYAP PACIR



(PACAP) (Miyata et al., BBRC,

1989) PACAP VIP
VPACIR VPACZ2R PACAP PAC1R 3
G (PTSD)
PACAP PTSD
(Ressler KJ, Nature, 2011) PACAP
PACAP PACAP
PACAP
PACAP
(Youkai, Kurihara, Miyata, Mol. Pain 2016; Kambe et al.,
bioRxiv 2018) PACAP
PACAP ( PACAP
)
PACAP
PACAP
PACAP
SRS RSDS
PAC1
PAC1
PACAP
VPACIR VPAC2R  Cre (KO) (flox )
VPACIR VPAC2R PACIR
in silico VPACIR VPAC2R
Cre Synapsinl Cre (Synl-Cre )
PACIR VPACIR VPAC2R  flox PACAP
KO Synapsinl Cre
AAV PACIR VPACIR VPAC2R  flox
PACIR VPACIR VPAC2R KO
Cre
PACIR PAC1R—Flox Aldh111-CreERT2 (
CreERT2 CreERT2 )
PACAP KO
mRNA PACIR
PACAP PAC1
- (ANLS)
in vitro PACAP in vivo
(CeA PBn BNST) PACAP

SRS



SRS

PAC1

SRS

Cre

PACAP-Cre

KO

PAC1

PAC1IR—Flox
Aldh111-CreERT2 (

PAC1
SRS
SRS vehicle SRS
PAC1
PAC1 (SSRI)
vehicle
PAC1
RSDS
PAC1 RSDS
RSDS
PAC1
8
PAC1
PAC1
PAC1
(CeA PBn BNST) PACAP
PACAP PACAP
(PACAP-Cre ) Cre
Cre
CAl
PACAP-PACI1R
PACAP
PACAP
PACAP KO
PACAP VPACIR VPAC2R
VPAC2 VPAC- ISBAP2022
PACAP KO
PAC1R
(Cre PACIR )
CreERT2 CreERT2
)
PAC1R
in situ hybridization PACIR  mRNA
PAC1R
PACAP KO
PAC1R



mRNA PAC1
PTG shRNA
PTG Y-
PTG
GIuRl GIuR2 NR2A
PTG
PACAP PAC1 -
in vitro
in vivo
PACAP (EC50 = 0.0084 nM)
PACAP
PACAP KO
PACAP
PACAP ANLS
PACAP/PACIR

PACAP

1,4-dideoxy-1,4-imino-d-arabinitol DAB

DAB
PACAP PACAP
ANLS PACAP
(PTSD)
PACIR
PACAP-PACL

PACAP-PAC1

PTG

(ANLS)
PACAP

ANLS

PACAP

PAC1

PACAP

PACIR

PACAP

PACAP
-PKC-

PACAP



8 8 3 3

Nguyen TT, Kambe Y, Miyata A 142

Chronic royal jelly administration induced antidepressant-like effects through increased 2021

sirtuinl and oxidative phosphorylation protein expression in the amygdala of mice

Current Molecular Pharmacology 115-122
DOl

10.2174/1874467213666200424160153

Sadamura Y, Thapa S, Mizunuma R, Kambe Y, Hirasawa A, Nakamoto K, Tokuyama S, Yoshimoto K, 12

Arita K, Miyata A, Oyoshi T, Kurihara T

FFAR1/GPR40 Contributes to the Regulation of Striatal Monoamine Releases and Facilitation of 2021

Cocaine-Induced Locomotor Activity in Mice

Front. Pharmacol. 699026
DOl

10.3389/fphar.2021.699026

Kambe Y, Yamauchi Y, Thanh Nguyen T, Thi Nguyen T, Ago Y, Shintani N, Hashimoto H, Yoshitake S, 73

Yoshitake T, Kehr J, Kawamura N, Katsuura G, Kurihara T, Miyata A

The pivotal role of pituitary adenylate cyclase-activating polypeptide for lactate production 2021

and secretion in astrocytes during fear memory

Pharmacol. Rep. 1109-1121
DOl

10.1007/s43440-021-00222-6

Takasaki I, Watanabe A, Okada T, Kanayama D, Nagashima R, Shudo M, Shimodaira A, Nunomura K, 231

Lin B, Watanabe Y, Gouda H, Miyata A, Kurihara T, Toyooka N

Design and synthesis of pyrido[2,3-d]pyrimidine derivatives for a novel PACl receptor 2022

antagonist

Eur J Med Chem. 114160

DOl
10.1016/j .ejmech.2022.114160




Nguyen TT, Kambe Y, Kurihara T, Nakamachi T, Shintani N, Hashimoto H, Miyata A 57

Pituitary Adenylate Cyclase-Activating Polypeptide in the Ventromedial Hypothalamus Is 2020

Responsible for Food Intake Behavior by Modulating the Expression of Agouti-Related Peptide in

Mice

Molecular Neurobiology 2101-2114
DOl

10.1007/s12035-019-01864-7

Takasaki I, Ogashi H, Okada T, Shimodaira A, Hayakawa D, Watanabe A, Miyata A, Kurihara T, 186

Gouda H, Toyooka N

The novel small-molecule antagonist of PACl receptor attenuates formalin-induced inflammatory 2020

pain behaviors in mice

Eur J Med Chem 111902
DOl

10.1016/j .ejmech.2019.111902.

Shintani Y, Yamano Y, Kuta M, Takeshita R, Takuma K, Okada T, Toyooka N, Takasaki I, Miyata A, 631

Kurihara T, Hashimoto H, Hayata-Takano A.

Small-molecule non-peptide antagonists of the PACAP receptor attenuate acute restraint 2022

stressinduced anxiety-like behaviors in mice

Biochem Biophys Res Commun. 146/151
DOl

10.1016/j .bbrc.2022.09.079

Kambe Y, Youkai M, Hashiguchi K, Sameshima Y, Takasaki I, Miyata A, Kurihara T. 12

Spinal Astrocyte-Neuron Lactate Shuttle Contributes to the Pituitary Adenylate Cyclase- 2022

Activating Polypeptide/PAC1 Receptor-Induced Nociceptive Behaviors in Mice

Biomolecules 1859
DOl

10.3390/bioml2121859




22 0 1

Yuki Kambe, Thu Thi Nguyen, Takashi Kurihara, Atsuro Miyata

Entorhinal PACAPergic neurons contribute to a spatial working memory via hippocampal astrocytic PACl receptors.

16th meeting of the Asian-Pacific Society for Neurochemistry

2021
PACAP
141 (
2021
, Thu Thi Nguyen, ,
- PACAP PAC1
74
2021
, Trung Thanh Nguyen, Thu Thi Nguyen, ,
12

2021




, Trung Thanh Nguyen, , , ,

PACAP AgRP

16 GPCR

2021

protein targeting to glycogen PACAP

64

2021

Elucidation of the new mechanism of depression caused by chronic stress: Disruption of energy metabolism in the brain

94

2021

PACAP

95

2022




PACAP-PAC1

95

2022

PACAP PAC1

95

2022

Yuki Kambe, Thanh Trung Nguyen, Takashi Kurihara, Atusro Miyata

Pituitary adenylate cyclase-activating polypeptide in the ventromedial hypothalamus state-dependently increased appetite in
the nocturnal period

63

2020

protein targeting to glycogen

73

2020




73

2020

94

2021

PACAP-PAC1

94

2021

PACAP

95

2022




PACAP

75

2022

- PACAP PAC1

96

2022

Takasaki I, Kato S, lkeda R,Murata M, Nakamachi T, Saito H,Kambe Y, Miyata A, Kurihara T.

Involvement of Spinal and Peripheral PACAP-PAC1 Receptor Signaling System to ltch Sensation in Mice

VPAC ISBAP 2022

2022

Kambe Y, Trung T N, Thi T N, Shintani N, Hashimoto H, Kurihara T, Miyata A.

Regulation of feeding behavior via neuropeptide network by PACAP in the ventral medial hypothalamus

VPAC ISBAP 2022

2022




Sameshima Y, Kambe Y, Takasaki I, Miyata A, Kurihara T.

PACAP/PAC1 receptor-evoked astroglial activation contributes to the development of central post-stroke pain.

VPAC ISBAP 2022

2022

urihara T, Fujii K, Uchida Y, Terawaki T, Saito H, Kato S, lkeda R, Murata M, Kambe Y, Miyata A, Kanekura T, Takasaki I,

Both central and peripheral PACAP-PAC1 receptor signaling pathways contribute to itch sensation in mice.

VPAC ISBAP 2022

2022
0
4
PAC1
2020-082465 2020
Nrdal
2020-120069 2020
PAC1
2021-050185 2021
Nrdal
2020-120069 2020
2
PAC1
7049637 2022




PAC1

7169592

2022

(Kurihara Takashi)

(60282745) (17701)
(Kambe Yuki)

(60549913) (17701)
(Takasaki Ichirou)

(00397176) (13201)
(Hashimoto Hitoshi)

(30240849) (14401)
(Agou Yukio)

(50403027) (15401)
(Hayata Atsuko)

(70390812) (14401)







