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We investigated whether vasoactive intestinal peptide (VIP) receptor 2
(VIPR2) is involved in exacerbation (cell migration and proliferation) of breast cancer. We
demonstrated that stable expression of VIPR2 in breast cancer cells promoted VIP-induced cell
migration and cell proliferation, and enhanced the proliferation in intraperitoneal in vivo. In
contrast, treatment with the VIPR2-selective antagonist peptide KS-133 abolished the effects of
VIPR2 overexpression and markedly inhibited VIP-induced cell migration and proliferation. These
results indicate that VIPR2 signaling regulates breast cancer cell migration and proliferation, and
suggest that disruption of this signaling by VIPR2 overexpression may lead to exacerbation of breast

cancer.

VIP Gas VIPR2 PI3 Ga i



PLC-related catalytically inactive protein (PRIP) PI3K-

P1(3,4,5)P3 (
) (Asano et al., Sci Rep, 2017, 2019) PRIP
PRIP
(vasoactive intestinal
peptide: VIP) (VIPR2) AKT
AKT PI3K-P1(3,4,5)P3
VIP-VIPR2
VIP 2 VIPR2 B G
Ga s CAMP A PKA Epac
ERK VIPR2  Ga i Ga q
PISK  PKC
VIPR2
PI3K ERK
VIPR2
VIPR2
MCF-7 MDA-MB-231 VIPR2
1
Maetani et al., 2021 VIPR2-
EGFP EGFP MCF-7 MDA-MB-231 35 mm 1x
10° 6 100 nM VIP 0O 10 p M U0126 0 100 nM
KS-133 2% FBS 0 MCF-7 MDA-MB-
231 BZ-X800 24 4
2
MDA-MB-231 Cabral Cabral et al.,
2007 5 (BALB/c-nu) VIPR2-EGFP EGFP
MDA-MB-231 (6x 10° /200 p L PBS)
NightOWL (Berthold Technologies) 1 3
3
MDA-MB-231 35 mm
100 nM VIP
37° C 6
4
g -dish (lbidi)
100 nM VIP
2 60 ImageJ 1.53a MultipleKymograph
(€D) 2
VIPR2 VIP
in vivo MDA-MB-231 VIPR2
(D VIPR2 KS-133
VIPR2 VIP VIPR2
VIP CAMP  ERK
MAPKK inhibitor, U0126 VIPR2

VIPR2



CAMP/ERK VIPR2

3 (weeks) Counts

3200 15-
=
- €10 -
™ O
Y £
a)
> 2
5 3 >
S o
0 L bl
1
— 0 Weeks after injection
B1. BRI M IEEaERE R, VIPR2Z L EHIR
I HIEMAITEREAICE W T, MEEEIMEE L 72,
(@) 2
PI(4,5)P2 PI(3,4,5)P3
PI(3,4,5)P3  WASP
2(WAVE2) RAC
VIPR2
MDA-MB-231 MCF-7 VIPR2
PI3 (P13K)y VIPR2 KS-133
VIP VIPR2 VIP
2 PI3K PI(3,4,5)P3
VIPR2 MDA-MB-231 VIPR2
VIPR2 VIPR2
WAVE2 VIPR2 WAVE2
WAVE2 3

VIP-VIPR2 PI3K P1(3,4,5)P3 WAVE2



Empty +

VIPR2-EGFP - +
Control si - +
VIPR2si  sil -

VIP +

Oh 6h6h0h
";'5 oy i ,,/ = 20_ Qg
E 15- ek h
3 *
[ =4
S
5 51
=
0-
Empty + + + -
VIPR2-EGFP - - - +
SR Controlsi - - + +
TR PN VIPR2si si1 si2 -
Vs A, VIP + + + +

542 s 7 SUERAE R VIPRZGD%EEEKVIP"*E'L&._O)
BEIREIZHERE L TW5,



14 12 2 5

Asano Satoshi Ono Ami Sakamoto Kotaro Hayata-Takano Atsuko Nakazawa Takanobu Tanimoto 161
Kotaro Hashimoto Hitoshi Ago Yukio
Vasoactive intestinal peptide receptor 2 signaling promotes breast cancer cell proliferation by 2023
enhancing the ERK pathway
Peptides 170940
DOl
10.1016/j .peptides.2023.170940
Ago Yukio Yokoyama Rei Asano Satoshi Hashimoto Hitoshi 223
Roles of the monoaminergic system in the antidepressant effects of ketamine and its metabolites 2023
Neuropharmacology 109313
DOl
10.1016/j -neuropharm.2022.109313
Ago Yukio Asano Satoshi Sakamoto Kotaro -
Development of the vasoactive intestinal peptide receptor 2 (VIPR2) antagonist peptide for the 2023
treatment of schizophrenia
Folia Pharmacologica Japonica -
DOl
10.1254/fpj .22146
Ago Yukio Asano Satoshi 158
A new method for assessing depressive-like behaviors in female mice 2023
Folia Pharmacologica Japonica 35 38

DOl
10.1254/Fpj .22101




Yamawaki Yosuke So Hiroki Oue Kana Asano Satoshi Furusho Hisako Miyauchi Mutsumi Tanimoto 634

Kotaro Kanematsu Takashi

Imipramine prevents Porphyromonas gingivalis lipopolysaccharide-induced microglial 2022

neurotoxicity

Biochemical and Biophysical Research Communications 92 99
DOl

10.1016/j .bbrc.2022.09.109

Sakamoto Kotaro Asano Satoshi Ago Yukio Hirokawa Takatsugu 636

AlphaFold version 2.0 elucidates the binding mechanism betwAlphaFold version 2.0 elucidates the 2022

binding mechanism between VIPR2 and KS-133, and reveals an S-S bond (Cys25 Cys192) formation

of functional significance for VIPR2

Biochemical and Biophysical Research Communications 10 16
DOl

10.1016/j .bbrc.2022.10.071

Imado Eiji Sun Samnang Abawa Abrar Rizal Tahara Takeru Kochi Takahiro Huynh Tran Ngoc 160

Bao Asano Satoshi Hasebe Shigeru Nakamura Yoki Hisaoka-Nakashima Kazue Kotake Yaichiro

Irifune Masahiro Tsuga Kazuhiro Takuma Kazuhiro Morioka Norimitsu Kiguchi Norikazu Ago

Yukio

Prenatal exposure to valproic acid causes allodynia associated with spinal microglial 2022

activation

Neurochemistry International 105415
DOl

10.1016/j .neuint.2022.105415

Asano Satoshi Yamasaka Misa Ozasa Kairi Sakamoto Kotaro Hayata-Takano Atsuko Nakazawa 12

Takanobu Hashimoto Hitoshi Waschek James A. Ago Yukio

Vasoactive intestinal peptide-VIPR2 signaling regulates tumor cell migration 2022

Frontiers in Oncology 852358

DOl
10.3389/fonc.2022.852358




Asano Satoshi Maetani Yuka Ago Yukio Kanematsu Takashi 933

Phospholipase C-related catalytically inactive protein enhances cisplatin-induced apoptotic 2022

cell death

European Journal of Pharmacology 175273
DOl

10.1016/j .ejphar.2022.175273

Maetani Yuka Asano Satoshi Mizokami Akiko Yamawaki Yosuke Sano Tomomi Hirata Masato 552

Irifune Masahiro Kanematsu Takashi

Expression of PRIP, a phosphatidylinositol 4,5-bisphosphate binding protein, attenuates 2021

PI3K/AKT signaling and suppresses tumor growth in a xenograft mouse model

Biochemical and Biophysical Research Communications 106 113
DOl

10.1016/j .bbrc.2021.03.045

Sakamoto Kotaro Chen Lu Miyaoka Tatsunori Yamada Mei Masutani Teruaki Ishimoto Kenji Hino 12

Nobumasa Nakagawa Shinsaku Asano Satoshi Ago Yukio

Generation of KS-133 as a Novel Bicyclic Peptide with a Potent and Selective VIPR2 Antagonist 2021

Activity that Counteracts Cognitive Decline in a Mouse Model of Psychiatric Disorders

Frontiers in Pharmacology 751587
DOl

10.3389/fphar.2021.751587

Ago Yukio Asano Satoshi Hashimoto Hitoshi Waschek James A. 15

Probing the VIPR2 Microduplication Linkage to Schizophrenia in Animal and Cellular Models 2021

Frontiers in Neuroscience 717490

DOl
10.3389/fnins.2021.717490




Maetani Yuka Asano Satoshi Mizokami Akiko Yamawaki Yosuke Sano Tomomi Hirata Masato 552
Irifune Masahiro Kanematsu Takashi

Expression of PRIP, a phosphatidylinositol 4,5-bisphosphate binding protein, attenuates 2021
PI3K/AKT signaling and suppresses tumor growth in a xenograft mouse model

Biochemical and Biophysical Research Communications 106 113

DOl
10.1016/j .bbrc.2021.03.045

Takeuchi Shuto Kawanai Takuya Yamauchi Ryosuke Chen Lu Miyaoka Tatsunori Yamada Mei Asano 14
Satoshi Hayata-Takano Atsuko Nakazawa Takanobu Yano Koji Horiguchi Naotaka Nakagawa
Shinsaku Takuma Kazuhiro Waschek James A. Hashimoto Hitoshi Ago Yukio

Activation of the VPAC2 Receptor Impairs Axon Outgrowth and Decreases Dendritic Arborization in 2020
Mouse Cortical Neurons by a PKA-Dependent Mechanism

Frontiers in Neuroscience 521 532

DOl
10.3389/fnins.2020.00521

26 0 6

Satoshi Asano, Misa Yamasaka, Kairi Ozasa, Kotaro Sakamoto, Atsuko Hayata-Takano, Takanobu Nakazawa, Hitoshi Hashimoto,
James A. Waschek, Yukio Ago

The VIP/VIPR2 pathway regulates breast cancer cell migration

VPAC ISBAP 2022 (Joint symposium of the 1st Meeting of the International Society for Bioactive Peptides and the 15th
International Symposium on VIP, PACAP and Related Peptides)

2022

Ami Ono, Daichi Koan, Satoshi Asano, Tatsunori Miyaoka, Lu Chen, Mei Yamada, Shinsaku Nakagawa, Atsuko Hayata-Takano,
Takanobu Nakazawa, Akihiro Harada, Hitoshi Hashimoto, James A. Waschek, Yukio Ago

Neuron-specific overexpression of human VPAC2 receptors in mice causes cognitive dysfunction

VPAC ISBAP 2022 (Joint symposium of the 1st Meeting of the International Society for Bioactive Peptides and the 15th
International Symposium on VIP, PACAP and Related Peptides)

2022




, Waschek James,

VIPR2
95
2022
, , , , , Waschek James,
VIP VPAC2 PI3K
95
2022
, Samnang Sun, Abawa Abrar, , , ,
95
2022

142

2022




Satoshi Asano, Misa Yamasaka, Kairi Ozasa, James Waschek, Yukio Ago

A potential role of neuropeptide receptor VIPR2 signaling in tumor cell migration

55

2022

Eiji Imado, Sun Samnang, Abrar Rizal Abawa, Satoshi Asano, Kazuhiro Tsuga, Masahiro Irifune, Yukio Ago

Abnormal pain sensitivity associated with spinal microglial activation in a prenatal valproic acid-induced mouse model of
autism

55
2022
) , Samnang Sun, , , , ’ »
Neuro2022 ( 45 65 32 )
2022

Samnang Sun, Eiji Imado, Tran Ngoc Bao Huynh, Yoki Nakamura, Kazue Hisaoka-Nakashima, Norimitsu Morioka, Norikazu Kiguchi,
Satoshi Asano, Yukio Ago

Possible role of histone deacetylase inhibition in tactile hypersensitivity in a mouse model of autism spectrum disorder

37

2022




VIPR2 PI3K

64

2022

44 32
4 BPCNPNPPP4

52

2022

, Sun Samnang, Huynh Ngoc Bao Tran,

96

2022

TRPV1 AMG517

96

2022




PLC PRIP1 PH domain

96

2022

Satoshi Asano, Misa Yamasaka, Kairi Ozasa, James A. Waschek, Yukio Ago

Regulation of tumor cell migration by vasoactive intestinal peptide (VIP) VPAC2 receptor signaling

The 6th Joint Scientific Meeting in Dentistry

2021

Eiji Imado, Sun Samnang, Abrar Rizal Abawa, Satoshi Asano, Kazuhiro Tsuga, Masahiro Irifune, Yukio Ago

Abnormal pain sensitivity in a prenatal valproic acid-induced mouse model of autism spectrum disorder

The 6th Joint Scientific Meeting in Dentistry

2021

Tatsunori Miyaoka, Lu Chen, Mei Yamada, Daichi Koan, Satoshi Asano, Kenji Ishimoto, Shinsaku Nakagawa, Atsuko Hayata,
Takanobu Nakazawa, Akihiro Harada, Hitoshi Hashimoto, James A. Waschek, Yukio Ago

Overexpression of VIPR2 in neurons causes defects in dendritic growth and cognitive impairment

The 7th Congress of the Asian College of Neuropsychopharmacology (AsCNP)

2021




Yukio Ago, Lu Chen, Tatsunori Miyaoka, Mei Yamada, Teruaki Masutani, Kenji Ishimoto, Shinsaku Nakagawa, Satoshi Asano,
Kotaro Sakamoto

A potent and highly selective VPAC2 receptor antagonist peptide KS-133 counteracts cognitive impairment in a mouse model
relevant to schizophrenia

The 60th Annual Meeting of the American College of Neuropsychopharmacology (ACNP)

2021
, , ,ChenLu, , , , , . . . , Waschek James,
VPAC2
141
2021
, , , , , Waschek James,
VPAC2
141
2021
139

2021




, Waschek James,

VPAC2

43

2021

VIP-VPAC2

63

2021

VPAC2

140

2021

Waschek James

VPAC2

141

2021




(Kanematsu Takashi)

(10264053)

(17102)




