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The aim of the present study was to reveal the roles of TREK1 on cancer
pain and to develop TREK1 agonists as novel analgesics for cancer patients. We first constructed
cells stably expressing opioid receptors (ORs), which were reported to activate TREK1. We next
established cells expressing TREK1 and cells simultaneously expressing TREK1 and p OR. We then
investigated effects of opioid analgesics on TREK1 activation and performed screenings of novel
TREK1 using these cells.

In the mean time, we established a novel chemotherapy-induced neuropathic pain (CINP) mouse model
using carboplatin, which showed enhanced TRPAl activation via cAMP-PKA-AKAP pathway and induced
mechanical and cold allodynia. Using this CINP model, investigation of involvement of TREK1
activities on neuropathic pain are ongoing.

TREK1 TRP



Quality of Life (QOL)

@

TREK1 4 two-pore domain background K+ channel (KCNK) family
transient receptor potential (TRP)
channel (opioid receptor; OR)
TRP TREK1
TREK1 Gs, Gg/11-coupled receptor
@ OR OR
CAMP-PKA TREK1 TREK1
@ TREK1
Dual modulator
TRP OR TREK1
2
two-pore domain background K+ channel TREK1
TRP OR
Dual modulator
TRP OR TREK1
TREK1
TREK1
3
(1) cAMP assay
GloSensor™ cAMP cDNA nOR
human embryonic kidney cells 293 (HEK293) poly-D-
lysin / 96 well plate 24
CAMP GloSensor™ cAMP

assay (Promega Madison WI USA)
cAMP

(3) CellKey system impedance assay
Flag-pOR HEK?293 Flag-uOR-TREK1
CellKey system (Molecular devices, San Jose, CA, USA)
coupled receptor (GPCR)

(impedance)

HEK?293
G protein-



CellKey 96 well plate poly-D-lysin (Sigma-Aldrich)

24 CellKey system n
OR
(4) pH HaloTag® Ligand OR internalization assay
HaloTag® pPOR HEK?293 pH
HaloTag® Ligand (Promega) HaloTag®
Ligand HaloTag® pH HaloTag® Ligand
pH
OR
OR
polyethyleneimine 8 well chamber 24
pH HaloTag® Ligand
uOR internalization FLUOVIEW FV10i (Olympus Tokyo
Japan)
(5). TREK1 assay
HEK?293 TREK1 K+

FluxOR Potassium lon Channel Assay (Thermo Fisher

Scientific, Waltham, MA, USA) T+ TREK1
(6).
C57BL ) carboplatin 1 10 mg/kg 2 4
von Frey test acetone test
4,
1) uOR
OR GPCR nOR, 60R, kOR OR
G protein (Gs, Gi/o, Gg/11) Gilo adenylate cyclase (AC)
pOR
pOR HEK293 pOR
uOR G-protein-dependent pathway
Gilo cAMP B-arrestin-
dependent pathway G-protein coupled receptor kinase (GRK) OR
B-arrestin OR (internalization)

G-protein-dependent signal  CellKey system



CAMP assay ECso Emax
Emax ECSO
B-arrestin-depedentsignal  pOR internalization assay

uOR inrernalization

pOR
J Pharmacol Sci (J Pharmacol Sci. 140, 171-177, 2019)
(2) TREK1 uOR-TREK1
TREK1 HEK293 TREK1/uOR HEK293
TREK1 ML335 TREK1
TREK1/uOR CellKey system pOR
pOR TREK1/uOR
TREK1
TREK1
(Figure. 1) pOR TREK1
TREK1 agonist
MRP FEN
200 L ) 200 L .
w injection -o- vehicle 2 injection -~ vehicle
8 v = ML335(10°M) 8 v = ML335 (105 M)
8 150 ) @ .
5 MRP (10°° M) 5 FEN (106 M)
] ]
% 100 b
=y 2
2 50 2
2 2
£ £
o+ . . . ! o+ . T T !
0 1 2 3 4 0 1 2 3 4
Time [min] Time [min]
HDM OXY
2004 . ) 2009 .. )
= injection -e- vehicle & injection -e- vehicle
¢ 150 \ - ML335(10°M) 8 \J = ML335 (10° M)
= -5 = -5
5 HDM (10°° M) s OXY (10° M)
% 100 :-_;
2 2
£ E
G T T T T 1 C T T T T 1
0 1 2 3 a4 0 1 2 3 4
Time [min] Time [min]
Figure 1. TREK1-uOR HEK?293 TREK1 ML335
TREK1
TREK1 ML335, MRP, A (FEN, B)
(HDM, C) (OXY, D) TREK1

(3) TRP




TRP

carboplatin
TRPA1
TRPA1

allodynia

TREK1

carboplatin
carboplatin mechanical cold allodynia
TRPA1 HC-030031
TRPA1 control
TRPA1L
calboplatin carboplatin
calboplatin TRPA1 agonist AITC TRPA1
cAMP-PKA-AKAP pathway
carboplatin mechanical cold allodynia AKAP
carboplatin mechanical cold
CAMP-PKA-AKPA TRPA1L
Int J Mol Sci (Int J Mol Sci. 20, 3271, 2019.)
TREK1

(1) Vadalouca A, Raptis E, Moka E, Zis P, Sykioti P, Siafaka I. Pharmacological Treatment

of Neuropathic Cancer Pain: A Comprehensive Review of the Current Literature. Pain
Practice 12, 219-251, 2011.

(2) Alloui A, Zimmermann K, Mamet J, Duprat F, Noél J, Chemin J, Guy N, Blondeau N,
Voilley N, Rubat-Coudert C, Borsotto M, Romey G, Heurteaux C, Reeh P, Eschalier A,
Lazdunski M. TREK-1, a K* Channel Involved in Polymodal Pain Perception. EMBO 25,
2368-2376, 2006.

(3) Devilliers M, Busserolles J, Lolignier S, Deval E, Pereira V, Alloui A, Christin M, Mazet
B, Delmas P, Noel J, Lazdunski M, Eschalier A. Activation of TREK-1 by Morphine
Results in Analgesia Without Adverse Side Effects. Nat Commun 4, 2941, 2013.



6 6 0 3

Miyano K, Shiraishi S, Minami K, Sudo Y, Suzuki M, Yokoyama T, Terawaki K, Nonaka M, Murata H, 20(13)

Higami Y, Uezono Y.

Carboplatin Enhances the Activity of Human Transient Receptor Potential Ankyrin 1 through the 2019

Cyclic AMP-Protein Kinase A-A-Kinase Anchoring Protein (AKAP) Pathways.

Int J Mol Sci. E3271
DOl

doi: 10.3390/ijms20133271.

Manabe S, Miyano K, Fujii Y, Ohshima K, Yoshida Y, Nonaka M, Uzu M, Matsuoka Y, Sato T, Uezono 140(2)

Y, Morimatsu H.

Possible biased analgesic of hydromorphone through the G protein-over B -arrestin-mediated 2019

pathway: cAMP, CellKey, and receptor internalization analyses.

J Pharmacol Sci. 171-177
DOl

doi: 10.1016/j.jphs.2019.06.005.

Meguro, Y., Miyano, K., Hirayama, S., Yoshida, Y., Ishibashi, N., Ogino, T., Fujii, Y., Manabe, 137

S., Eto, M., Nonaka, M., Fujii, H., Ueta, Y., Narita, M., Sata, N., Yada, T., Uezono, Y.

Neuropeptide oxytocin enhances p opioid receptor signaling as a positive allosteric modulator. 2018

J Pharmacol Sci 67-75
DOl

10.1016/j . jphs.2018.04.002.

Mori, T., Kuzumaki, N., Arima, T., Narita, M., Tateishi, R., Kondo, T., Hamada, Y., Kuwata, H., 13

Kawata, M., Yamazaki, M., Sugita, K., Matsuzawa, A., Baba, K., Yamauchi, T., Higashiyama, K.,

Nonaka, M., Miyano, K., Uezono, Y., Narita, M.

Usefulness for the combination of G-protein- and P -arrestin-biased ligands of p -opioid 2017

receptors: Prevention of antinociceptive tolerance.

Mol Pain 1-9
DOl

doi: 10.1177/1744806917740030.




Kokubun, H., Takigawa, C., Miyano, K., Uezono, Y.

41

A novel method for determination of methadone in the serum by high-performance liquid 2018

chromatography with electrochemical detection.

Biol Pharm Bull 649-651
DOl

doi: 10.1248/bpb.b17-00691.

Ohbuchi, K., Miyagi, C., Suzuki, Y., Mizuhara, Y., Mizuno, K., Omiya, Y., Yamamoto, M., Warabi, 6

E., Sudo, Y., Yokoyama, A., Miyano, K., Hirokawa, T., Uezono, Y.

Ignavine: orthosteric enhancer of the &micro; opioid receptor. 2016

Sci. Rep. 31748
DOl

10.1038/srep31748.

52 4 3

to-date

up-

13

2019

24

2019




72

2019

29

2019

13

2019

Oxytocin

13

2019




TRP channel

140

2019

Y K positive allosteric modulator (PAM)

141

2019

72

2019

p -4 CYM51010

37

2019




K positive allosteric modulator PAM
249
2019
g PAM
11
2019
&micro;
93
2020
[ positive allosteric modulator PAM
93

2020




up-
to-date ;

13

2019

24

2019

72

2019

29

2019




13

2019

Oxytocin

13

2019

TRP channel

140

2019

positive allosteric modulator (PAM)

141

2019




72

2019

CYM51010

37

2019

positive allosteric modulator PAM

249

2019

PAM

11

2019




Manabe, S., Miyano, K., Ogino, T., Ohshima, K., Uzu, M., Nonaka, M., Matsuoka, Y., Sato, T., Morimatsu, H., Uezono, Y.

Characterization of the properties of four opioid analgesics approved in Japan with cells stably expressing &micro;ORs using
the CellKeyTM and GloSensorTM cAMP assay systems.

18th World Congress of Basic and Clinical Pharmacology

2018

Fujii, Y., Miyano, K., Oshima, K., Manabe, S., Someya, R., Yoshizawa, K., Morimatsu, H., Iseki, M., Inada, E., Uezono, Y.

Molecular characterization and comparison of the effects of several opioid agonists clinically used in Japan - Using the
CellKeyTM and internalization assays with stable cells expressing opioid &micro;, & or &micro;/d dimerized receptors.

18th World Congress of Basic and Clinical Pharmacology

2018

28 48

2018

65

2018




M /K

12

2018

MOR agonist

12

2018

40

2018

u /8

52

2018




Uezono, Y., Meguro, Y., Miyano, K., Hirayama, S., Ogino, T., Ishibashi, N., Yoshida, Y., Fujii, H., Higami, Y.

Oxytocin involvement of p -opioid receptor-mediated analgesia and relationship between functions of oxytocin and kamikihito,
a Japanese kampo medicine.

International Society for Autonomic Neuroscience 2017

2017

37

2017

11

2017

51

2017




76

2017

137

2017

-CellKeyTM

138

2018

-CellKeyTM

138

2018




AM404

129

2016

Acetaminophen AM404

CellKeyTM

134

2016

Acetaminophen

AM404

Halotag

134

2016

PAM AM404

60

2016




Acetaminophen

AM404

75

2016

Acetaminophen

AM404

Halotag

69

2016

Acetaminophen AM404

69

2016

Acetaminophen

AM404

90

2017




90

2017
90
2017
1
Uezono, Y., Miyano, K. 2016
Springer Science 264 (19-36)

Methods in Pharmacology and Toxicology, Herbal Medicines.

https://ww.ncc.go.jp/jp/ri/division/cancer_pathophysiology/paper/index.html




(Uezono Yasuhito)

(20213340)

(82606)




